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ABSIBACT \' 

Ihe^^instructional un^ts and related aaterials in this 
guide are designed tb assist in the prepa'ration of course^^^'of 
study/instruction in (1) power mechanics specifically i;2) power- 
mechanics which serve as introductory courses in othet areas of 
industrial S^t^^^ and (3) automotive mechanics which also cover the 
Broader aspects of power mechanips. Each unit presents a broad 
coverage of the topic indicated by its title , cover^^ the scientific 
principle involved^ suggests aet^hods ctf applications of the technical 
and scientific information^ and lists '^selected references to furt^^er 
technical and scientific, information. These references are\ keyed by \ 
numbers yh parentheses to the cp^plete list of' selected refereh(?es at \ 
the end. Ihere are 40 units presented under seven section headings: 
(1) Natural Power (muscle power^ waterwheels^ windmills, heat 
<:^llectors, and solar stills) ; (2) Mechanical Power (simple ^n^d 
cBuDound machines, lubrication, springs, clutches^ and dynamometers), 
^(3)\Steam Power (steam engines and turbines), (4) Thermal Power 
' (high-energy rate forming, powder-actuated tools, jet and rocket 
"^engines, gasoline tes^ting, carburetion, two- and four-cycle engines, 
wankel engines, thermostats, and welding processes) , (5) Electrical 
Power (dry cells: primary cells, ^ storage batteries: secondary cells, 
generation of electricity; transmission of electric power, 
transformers, spark plug^, ignition systems, electric motors, fuel 
cells, photoelectric cexis, and semiconductor power rectifiers) , (6) 
Hydraulic Power (jacks a.nd pres'lse's, * machine tools, braking systems, 
fuel pumps, power steering, and air conditioner^) , and (7) Pneumatic 
Power (air-powered tools^ spray guns, and vacuum pumps). Appendix A 
presents a^, relatively brief 'course/outline for industrial arts, power 
mechanics, and appendix -B a comprehensive course outline for 
industrial arts autolaati^e mechanics. Appendix C contains terminology 
on the storage battery. Appendix D is assignmen t^heets. (JT) . ^ 
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FOREWORD 



Courses in- industrial arts power mechanics are designed to provide opportunities for 
students to make applied use of technical information and scientific principles i)ertaining to 
power, energy, and force. Students are thus given the types of experiences that will make 
their knowledge (^f technical and scientific information meaningful and usefuj to them and 
that will c^use them to acquire and use proficiently the skills involve^ in industrial arts 
power mechanics. These achievements will in turn intensify the students' interest in. 
industrial arts, science, and technology. 

Two studies conducted by the California State Department of Education \yer« concerned 
with the scientific content in automotive/power mechanics courses offered by California 
high schools. These studies^ produced information- that was vj^ed t9, develop instructional 
material for the industrial arts area of power mechanics. This information was used .by 
members of the NDEA Industrial .Arts-Science Curriculum Committee and the ^DEA 
Industrial Arts-Science Editorial Committee during workshops conducted' under the 
provisions of the National Defense Education Act in the preparation of the material for an 
[experimental edition oUndustrial Arts Poyoer Mechanics. , 

A copy of the experimental edition of Industrial Arts Power Mechanics ' and a 
questionnaire were sent to each autojnotrve/power mechanics teacher in the high > hools of 
Galiforriia and to selected industrial ^ts leaders in other states; The educators w^h asked to < 
review the publication and complete and return the questionnaires. Suggested changes \ sted 
in the returned questionnaires were used in revising the material presented in the 
experimental edition.. , i ^ . 

yhe instructional units in this publication provide a sound basis for the preparation of* 
coiirses of study/instruction in (0 power mechanics per se; (2) power mechanics which 
servft as introductory courses to^ industrial arts automotive mechanics-, electronics, and 
metal^ in grades nine through twelve; and (3) autorrtotive^mechanics which make Use of the 
elements of aower mechanics. ' 

I am cert^n that the. information presented [^Industrial Arts Power Mechanics will be of 
great value in the d^elopment of power mechanics courses with the breadth, and depth of 
content that is needM and lii which sound, efficient, and effective instructionaKprocedures 
are emphasized. . ; . ^ . ' 
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NDEA COMMITTEES 



NDEA Industrial Arts-Science Currieulum Committee 
The specialists in tiutorr^tive/power mechanics from the ten California coHeges with 
accredited industrial arts /eacher-education programs and the teachers, supervisors, and 
teacher educators who prepared the instructional units for Industrial Arts Power Mechanics 
during a work session held at Fresno State College, December 19-23, 1966, are as follows: 
^Leslie L. Aldrich, Fresno State College; John C. Davis (retired), Fresno City Unified 
School District; Raymond E. Fausel, California State. College at L<^s Angeles; Frank J. 
Irgang; San -Diego State College; Richard E. Johnston, Washington High School, Frenv3nt 
(formerly^at Chico State College); Frank H. Jolly, Humboldt State College, Areata; Mark/ 
Jones, Tustin Union High School District; Angus'J. MacDonald, San Jose State College; Ted 
A. McCoy, Hanford High School; Burton A. Pontyneh, Pacific Union College, Angwin; 
Ernest J. .Rawson, California State College at Long Beach; James E. Rice, California State. 
Polytechnic College. San Luis Obispo; Frank E.NSchroeter, Fresno State Coilege; and Gerald 
Valente, formerly a^San Francisco State CollegeA ^ ^ 

NDEA Industrial Arts-^cienci Editorial Comrnittee 
The members of the teams of specialists in science and.specialijts in industrial arts who, at 
work sessions'in Los Angeles, Sacramento, and San Diegq, bn December 18t22, 1967, edited 
and augmented the material for Industrial Arts. Power Mechanics prepared by the NDEA 
Industrial A^rts-Science Curriculum Committee, are as follows: 

O. Bruce] Akers, Burbank Unified School District; Ralph C. Bohn, San Jose State College; 
Joseph E. Fr'eeland, Sacramento City Unified School District; $erafirio L. Giuliani, San 
Diego City. Unified School District; Harold L. Marsters, San Diego State College; Richard L. 
Miller -(retire^d), Los Angeles Unified School District; Jack E. Reynolds, Sacramento City 
Unified Schcipl District; William B. Steinberg, San Diego City Unified School District; and 
DaVid O. Taxis, Office of the Los Angeles County Superintendent of Schools^ 




PREFACE V : 

Industrial Arts Powder Mechanics presenfs^iej of instructional unjts -deriVfed'-fromfflie 
results^ of two studies, a "series, of work sessio^, and an evaluation dfc an exaerimental 

edition; . / ^ ^ „ ^ ^'^ X 

Members of the Central California Autom'otive Technical Qommittee, ^hc/prepared the 
material for the experimentaHidition oi Industrial Arts, Aut^olnotive /Mechanics which was 
published by the California State *T!)epartment^ Education in 1964, requested the 

' Departn^ent to. conduct a study to determine the extent to which scientific principles are 
being applied in present industrial arts automotive/power Mechanics courses and the ways in 
which these principles can be applied to a greater extent in aH courses in this area of 
industri^l arts. The Department responded' by conducting two studies, one in 1964 and the 
other in 1?65. ^ - " ' » . 

The fir^t st'udy^s conducted by having teachers of automotive/power mechanics in the 
high schobls of dalifomia complete a questionnaire that was designed to secure, their 
reactions to . the way in Avhich scientific principles were employed in Industrial Arts 
Autotnotive Mechanics. All the autOBnotive/power meghanics teachers who resi^onded 
favored the. covering of applicable "sciehtifie principles in 'the automotive publication. The 
second study was conducted by having teachers of automotive/poweT mechanics in the^igh 
schools of California complete ^ questionnaire that was designed to report if the teachiers 

' applied a given set of scientific principles in tjjeir courses and, if so, how. In both studies 
the teachers indicated a need for curriculum material that would set forth \yays of applying 
scientific principles and providea instructional units covering the broader area of power 
mechanics. * 

A series of work sessions for the development of instructional material in industrial arts 
power mephanics which would apply , scientific principles relating to power, energy, and 
force was financed by funds provided under provisions of Title III of the National Defense 
Education Act. \ 

The first work session was held at Fresno State College on Decj^ 
Specialists in automotive/power mechanics from jthe ten collegcs'^in California with, 
accredited industrial arts teacher-educati6n programs were assisted by supervisors and 
representatives/ of the Central California Automotive Techi\ical Committee in preparing 
instructional uhits in power mechanics, these participants, listed as members of the NDEA 
Industrial Arts-Science Curriculum Committee in this publication, used the data obtained 
from the two studies, information presented 'in the California State Department of 
Education publications Industrial Arts and Science and Mathematics and Industrial Arts 
Education, and science textbooks used in the school systems located near the ten colleges 
represented at the work session to develop the instructional material. 

Additional work sessions were held in Los Angeles, Sacfemento, and San Diego on 
December 18,-22, 1967, to augment anjd edit the power mechanics material developed at the 
Fresno State College work session. Each work-session t^am was composd|d of a specialist in 
science, a specialist in automotive/power mechanics, and a st)ecialist in industrial arts. The 
participants in^ these work sessions are listed as members' of the NDEA Industrial 
Arts-Science Editorial Committee in this publication. 

Copies of the experimental eAition^f Industrial Arts Power Mechanics and questionnaires 
^for evaluating the publication wereai^t^ifelite in September, 1968, to automotive/poWer 



mechanics teachtSrs and indust<;jjl arts supervisors and teacher educators in Qilifornia and to 
selected industrial arts teachers ^ancl supervisors in other states. Those who evaluated the 
experimental edition and responded to the qu^tionnaire became members of the National 
Power Mechanics* Review Committee. Changes suggested by them were taken iqto 
consideration in revising the material. ' . ' 

The NDEA project was coordinated by Robert L. Woodward and Norman L. Myers, 
Consultants in Industrial Arts Education, California State Department of Education. 

The education profession in California, and particularly those members workingMn the 
area of industrial arts automotive/power mechanics, are greatly indebted to all the teachers, 
supervisors, and teacher educators who participated in the wtDrk sessions and studies which 
Resulted in Industrial Arts Powder Mechanics.^ 

Industrial Arts Power Mechanics Should be of invaluable assistance in the preparation of 
detailed courses of study/instruction inj50wer mechanics, in the revisioniof present courses 
of study/instruclion in automotive mechanics, and in the improvement of instruction in 
California junior high schooFs and high schools. 

* , * 

j. WILUAM MAY . ^ ' MITCHELL L. VOYDAT 

Acting Chief, ■ ■ Chief. Bureau of Elementary 

Division of Instruction and Secondary Education 
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CALIFORNIA'S INDUSTRIAL ARTS PROGRAM 



The industrial arts program in'California schools 
is an integral. ptHft of the total program of edu- 
cation and is designed specifically to Kelp prepare 
students to meet the requirements of an industrial- v 
technological culture. In this pro;^i , which 
involves study, experimentation; iixiil .ly^plication, 
student^earn through participation in iictivities in 
whicl^fhey use industrial-technical tools; machines, 
materials, and processes, as well as English, mathe- 
matics, science, .and social sciences, in solving 
iTieaningful problems. ^ 

The four major purposes of industrial ^rts are to 
provide 6pp6rtunity for each student to develop 
(I) insight and understanding of industry and it^, 
place in ouf society; (2) talent in industrial- 
technical fields; (3) problem-solving ability related 
,to the materials, processes, and products of indus- 
try; 'dM (4) skill in the proficient and safe use of 
^ tools and machines. These purppses are furthered 
by a program in which emphasis is placed on 
helping students acquire Ihe knowledge and skills 
basic to many careers. 

In kindergarten and grades one through six, the 
industrial arts program furthers fhe established 
educational objectives and enriches the experiences 
pupils have in attaining such objectives. The 
industrial arts activities employed for this purpose 
' emphasize planning^ and construction that is 
required in jneeting needs that arise as the pupils 
- participate in experiences relating to English, math-- 
ematics, science, an^J social sciencei. The regular 
classroom teacher has responsibility for conducting 
the elementary school industrial arts program. 
In grades seven and eight of elementary schools 
> anc^ grades seven/ eight, and nine of junior high 
schools, the industrial arts program is an integral 
and often required part of the total program of 
education for all youth. > S^dents are usually 
guided through a series of introductory experiences 
in a variety of industrial arts areas. Included in the^ 
program are. courses which provide instruction in 
the broad areas of drafting, electricity /electronics. 




graphic ^arts, industrial craftis, metals', power 
mechanics, and woods. In a large school each, of 
these areas of instruction is often taught in a 
different shop/laboratory; in a small school, several- 
are taught in one shop/laboratory: In each instance 
the courses are taught by teachers with special 
preparation nn the field of industrial arts and in 
specially designed and equipped Jacttities. In these, 
grades emphasis and attention are given to helping 
students idiscover and further their aptitudes, abil-- 
ities, and interests. Provision is made for*students 
to acquire a variety of skills and to profit from 
" participation in creative actrC^ities. 

In grades nine through twelve and tenjhrough 
twelve, the industrial arts program^ provides oppor- 
tunity fqr the high school student, regardless.£if his 
major^ to chotSse tjie industrial arts coi^ses he 
• believes will .be 9f the greatest* -value to him in 
Obtaining the goal he is seeking. Included in the 
program are elective courses which provicle in- 
struction in the broad areas of automotive mechan- 
ics, \drafting, electronics, graphic arts, industrial - 
^ crafts, metals; photography, plastics, power 
mechanics, and woods. These courses are tatight by 
teachers with special preparation in the field of 
industrial arts aitd in specially designed and 
' equipped facilities. The advanced techniques devel- 
oped in these courses approach the procedures 
used in industry. At this level emphasis is given to 
practices and requirements of v(j*cut)ations .and 
professions relating to each industrial arts area. 
Challenging opportunities are prpvided for scientif- 
. ically and mathematically oriented students to. 
work and experiment with new materials, pro- 
cesses, j^deas^. and designs. 

Kn(^'lid|riind skills acquired and the experi- 
ence Oined in>the industrial arts, program assist 
individuals: tQ^s^elect careers wisely and to parti(^ 
ipate successfully in programs of education and 
training offered by institutions of higher learning, 
industry, and government which provide further 
preparation needed for the chosen careers. 
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INTRODUCTION 



Industrial Arts Power Mechanics is designed to 
4pply scientific principles relating to, power, 
energy, and force. The words power, energy, and 
force often Ifave different meanings when used in 
everyday language than when used in a -scientific 
$ense. In a scientific sense these words are defined 
as follows: 

Power is the time rate of doing work. 

• Energy is the capacity to do work. 

• Force is a push or a pull. 

Industrial arts power mechanics is the study of 
the gener^^^kJH and conversion of^ergy to power 
and the ^transmission, controlTand use of this 
power. Power mechanics includes the study of (1) 
the development of power for industrial and home 
use; (2) the control and measurement of power; (3) 
the transmission of *power through mechanical, 
fluid, and electrical means; and (4) the'nise of 
power to accomplish work. 

Each unit In Industrial Arts Power Mechanics 
presents a broad coverage of the topic indicated by 
its title, covers the scie^jtific principle involved, 
suggests methods ;of application of the technical 
and scientific information, and lists selected, refer- 
ences to further technical and scientific informa- 
tion. These references are keyed by numbers in 
parentheses to the complete list of selected 
references immediately^ preceding the appendices. 
The page numbers listed after each k^ed number 
give further direct iorufor locating pertinent infor- 
mation. 

Appendix* A of this publication presents a 
relatively brief course outline for industrial arts 
power mechanics;. Appendix B presents a compre- 
hensive course outline for industrial arts autojno- 
tive mechanics. The outline on power mechanics'is 
keyed to the instructional units contained in the 
text and to certain sections x>{ the automotive 



mechanics outline. Appendix C contains terminol- 
ogy on the storage l>attery,N and Appendix D 
contains assignment sheets. 

One of the purposes of Industrial Arts Power 
Mechanics is to assist in the preparation of courses 
of study/instruction in (1) power mechanics 
specifically; (2) p^#er mechanics which serve- as 
introductory courses in other areas of industrial 
ai*ts; and (3) automotive mechanics which also 
cover the broader ^sp.ects^ of ^ower mechanics. 
Another purpose is to demonstrate the inter- 
relationships of the instructional content>>t4ndus- 
trial arts power mechanics with that of science. ^ 

Courses in power mechanics provide an instruc- 
tional program that is much broader in content 
than the conventional automotive mechanics 
courses. In fact, power mechanic^ /tohploys a 
selective coverage of many sources o/^Mergy and 
their application. ^ ' ^ 

Knowledge and skills relating to power mechan- 
ics may be used in grades seven and ei^ljt to 
augment courses in otheu^ areas of^ industrial arts; 
however, it is recommended that course's in power 
mechanics not be provided below grade nine. 
Introductory courses in power mechanics may be 
offered in grade nine of junior high schools ov 
four-year higfi schools. It is recommended that 
courses in power mechanics be provided at the high 
school level. Power mechanics may be offered at 
the high school level as an introduction to courses 
in the industrial arts areas of automotive ipiechan- 
ics, ele(jtrpnics, and metals. 

Today's industrial technology requires knowl- 
edge and skills that are not adequately covered in 
conventional automotive mechanics courses. It is 
rec^ommended that these^conventional course^ be 
more selective in content relating to automotive 
mechanics and include the broader aspects of 
power mechanics. 
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SECTION I 

NATURAL *>pWER 




Unit 1 - MUSCLE POWER 



The only power available to primitive man was 
his own .muscle. This muscle pow.er made it 
possible for him^to travel, seek food, make simple 
tools, and fight his enemies. The lever was used by 
mail during this earJV period. However, relatively i 
great sources of power were available only when 
the muscles of many men were brought to bear 
upon a single object. Later, other simple machines ^ 
were used by man to multiply his muscle power. ^ 
Theae were the' wheel and pulley, the inclined 
plane, the wedge, and the sci^ew. (Refer to Unit 6, 
''Simple and Compound Mafikines.") 

When man learned to domesticate and harness 
animals, another 'source of muscle power became 
available. However, human and animal muscles 
applied to simple machines limited man's powe? 
output. This limitation made it necessary .for him 
to'seek other sources of energy. Among the sources 
of energy to be erpployed^^were water and wind, 
'which were used to turn waterwheels and wind- 
mills. Tgday, many^ sources of energy are used by 
mart. Even though modem man has countless 
labdr-saving devices and makes use of many sources- 
of^ower, he still depends on muscle power for a 
great number of daily activities. ° ^ 

It should be tinderstood that simple machines* 
are devices to increase man's strength (muscle). 



However, such m&chines- cannot increase man/ 
Ability to do work, which is defined as the product 
of the force: and the distancevthrough which it 
moves. Machines merely allow tw, trade of distance 
for "quick" force. For example, the wrencjj/used 
to loosen a nut is a form of leVer^£>tKe nut is 
stuck tightly, it jpiay beinecessaryVo use a longer 
wrench to increase 'the leverage. Actfttally, the work 
accomplished is not reduced, because the wrench 
handle is moved a'' longer distancfe than the nut 
moves. The same amount of work has b^en done, 
but in a different, more gradual manner. Either 
speed can be sacrificed to gain force, or force can 
be sacrificed Mo gain speed. Bgcause force is 
required to move the parts of ^Wnachine and to 
overcome friction in. the machine, the actual 

is never as great as the 
advantage. Thus the effi- 
is always less than 100 



mechanical advantage 
theoretical mechanical 
ciency of 
percent. 



ja "^nachine 



Scientific Principies Involved: ^ i 
Work, Power, tnergy , Force 
In everyday language the term work is used tg 
describe any activity in- whicly muscular or mental- 
effort is exerted. In a scientific sense, hoWeyer, 
work has a very fecial meaning:' Work is done 
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' ^ when a force acts on matter and changeslts motion 
of^hen force 'txioves an- object agairtst an opposing 
force. No, matter how long a SO-j^ound Ib'ad'is held 
^ t)n a pers^)n's shoulder, work is not being done in a 
o scientific sense; tfte upward force that^is exerted is 
n^erely x:ounte?r^cting the downward force of. the 
load<,Work '\i done in a scientific sense when the 
loacPi^ raised to the shoulder, when it is calriecl up 
a flight^ of stairs, or when it is dragged acress the 
floor. In ttiese ca^°6s a force .is exerted which moves 
the object. Expressed in an equation, work {in 
. foot-pounds) = force (in pounds) X distance (in 

Like the term work, the term power has a 
scientific^eahing that differs iFrom its everyday 
meanings. When it is said' that a person has great 
power, it usually meaps that the person has great 
strength-or wields great authority. In a scientific 
sense, however, power is the time rate of doing 
work. A map does the same amount of work 
• " whether he climt)s a flight of stairs in one minute 
or irt one hour^but he does riot use the same 
^ amount of power. 

Matter acquires energy when work is done 
against ^avi^y in raising' matter to an elevated 
position or when work is done to set matter in 
motion. The energy thlis acquired can be used to 
do work. In mechanics there are two kinds of 
en^gy, kinetic ei^ergy and potential energy. 
Ktnetic energy is energy due to motion of a mass. 
A moving automobile, a bullet leaving the fhuzzle . 
of a gun, a^spinning flywheel, a rolling ball, and 
falling or running water all possess kinetic energy. 
Potential energy is stored energy. The water 
impounded behind a dam has potential ej^ergy. 
This energy becomes kinetic when it is used to turn 
a waterwheel or turbine. The coiled mainspring of 
a watch lias^potential energy because work was 
done in winoTngSt. Its potential energy becomes 
kinetic as the spring unwinds. 

Force is directjy related to work and energy. 
Force\is a push or a pull Howe^r, forces do not 
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always push. or pull an object. Some combinations 
of forces ju^t balartce each other; as a result, the 

; body on which they act remains stationary. There- 
fore^ ioTCQ is.tnore completely defined as that 
which produces or presents motion or has "a 

^ndency to do so. 

» ^ ^ Ap[}jUcation of Principles " 

1. A bi^cle • dynamometer can be made to** 
illustrate the use of muscle power to produce 
electric power. The bicycle is held upright by 
a front-^heel blo^^k and balancing supports on 
each side of'-t^e rear-wheel axle. Two rollers 
(approximately Vour inches in diameter) are 
placed under the^rear^heel of the bicycle. 
The front roller is the idler, and the rear roller^ 
is the driver. A pulley whpel is attachedsto 
driver roller. A belt frOmx|iispulley Wheel iT 
placed' around tHe pulley wheeSof^n auto- 
mobile alternator with a variable field control. 
(The pulley selected should ''permit about 
1,000 revolutions per minute.) All supports of 
parts should be attached to a plywood base/ 
floor. The generated current is fed to a 
12-volt storage battery foT stabilizing voltage. 
A bank of lights or other electrical load can 
be employed to use up the electricity pro- 
duced by the alternator. Meter readings can 
be made and horsepower computed. 

2. Simple machines among the tools and 
machines in a facility can be identified and 
demoiistrated by studients. (Refer to Unit 6, 
"Simple and Compound Machines.") 
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Unit 2 - WATERWHEEL5 



The waterwheel, sometimes ^ called a gravity 
wheel, is a simple mechanical device to convert 
water power to mechanical power (rotary motion) 
against a resistance at the axle of the wheel. The ^ 
three general types of waterwheels are the under- 



shot whee;if the overshot wheel, and the breast 
wheel. The undershot wheel was one of the first 
engines designed, to do work. It was introduced 
over 2,000 years ago by the EgyptiflSfis and the 
Persians. Undershot waterwheels are made so that 
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when the paddles at the bottom of the wheel are 
dipped into a stream or ri^er, the current of water 
^exerts a force against the paddtes and turns the , 
.wheel. Overshot wheels make use of water that-is 
directed at the top of the wheel on the downward 
side. BiMst waterwheels, which are similar ^o the 
undershot wheek, are rotated' by directing water 
above the center of the wheel on the downward 
side. The early waterwheels were^.constructed of 
wood; iron parts became common during the 
Renaissance. ' c 

With tile introduction of . hydraulic turbines in 
/ the early part of themineteenth century, the. 
importance of waterwheels'decreased. Today, they 
are limited to small pcJwer plants. f 

The modern water turbine has a wheel or rotor 
with a series of blades ofyvanes^ Instead of being 
placed in an open stream or river, these rotors are 
enclosed in a housing. Water under . pressure is 
directed to them through pipes and nozzles. 
Usually, the pressure of the water is built up- by 
damming a water source . 

Scientific Principle Involved: 
Water Pressure 

At sea level ,the pressure of air from all direc- 
tions is 14.7 pounds per square inch (psi). Water 
also has pressure. For about every 34 feet below 
the surface of water,' the pressure is multiplied by 
14.7 pounds per square inch (the amount of 
pressure at the surface). The pressure of deep water 
must be taken into consideration when designing 
huge dams. The thickness of the base and the 
strength of the concrete must be such that they, 
wiH withstand the pressure of the water, held back. 




It is this^ater pressure that turns the rotprs of the 
water turbines found in the electrical^ower plants 
located at the base of dams'. 



Undershot 



O'he force of tfte water strikes against the paddles at. 
the bottom of the arfd^rshot waterwheel (left) arxl at 
the top on the downward side of the overshot 
waterwheel (right). . ' ^ 

Application of Principle 

1. A model waterwheel can be constructed. 
Water conducte^Nby a-tube from a faucet can 
be directed on thKhiades of the waterwheel 
t(j demonstrate the three types of wheels: 
undershot, overshot, and breast. 

2. The pressure of water can be demonstrated by 
pouring two quarts of water into a cellophane 
bag. If the bag is lifted and four holes are 
punched vertically (near the bottom, about an 

• inch apart) on two sides of the bag, the water 
will spurt farthest from the holes nearest the 
bottom of the bag. 1 
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The U.S. Navy's hydrofoil gunboat 
is powered by vOater jet and is cap- 
able of speeds in excess of 40 knots. 
Water is drawn through rear struts 
into centrifugal pump and is then 
jetted through nozzles near the 
stern (Boeing Company, Seattle, 
Washington). 
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Unit 3 - WINDMILLS 



Windmjlls consist of a rotating element or wheel 
driven by th^Avind that causes the turning of a 
shaft coijpected to equipment to perform useful 
work. Wincin^ills are pra,cticar when intermittent 
p'^)wer is required, as in pumping water to storage 
tanks and generating electrical vpower for charging 
storage batteries in power-supply systerfis. 

The windmill was one of the earliest devices 
used to^obtain power from natural sources. SQme 
record^' indicate th^t windrnills were in existence, 
prior to the seventh century. The windmill was in 
use in Persia during thefenth is.entury and in 
Western Europe near the close of^the twelfth 
century. ^ 

During the sixteenth century the general form of 
thj; Dutch windmill was stabilized. No essential 
CRanges were made until the start of the twentieth 
century, when resear^ showed the way for signifi- 
cant improvements in the form of sails or windmill 
arms, Modern windmills have fended toward high- 
speed des&ns or types possessing wheels rqtating at 
a lar^e rmqiber of revolutions per minute for 
maximum efficiency in operation. 

Present types of windmills are the niultivan©,,the 
propeller, and the S rotor. TheSnitltivaned wheel, 
though the least efficient of the modern windmills, 
has the most numerous applications in the United 
States. The multivaned and propeller windmills 
possess rotors that revolve about a horizontal shaft, 
and honce it is necessary to orient the rotors into 
the wind through the use of a vertical vane or 
rudder. Since the S-rotor type of wheel is mounted 
on a vertical shaft, it is possible tcrtal^ad vantage 



of the current of wind without svyinging the'entire 
unit on a^vertical axis.y ! ^.^ 

Principle Invplved: 
V Horsepo^r- Output qf Windmill 

The available jobwer/in a furrent of wind is d^ 
to the kinetic <^ergy of the mass of aif^flowing 
through a given' areaper u 

the 'aVea con<^cmed is the frontal area swtpt'^dut 6y 
the rotating etement. At sea-level CoriBitions^of air 
pressure and temperature, the av^ilabfe,horsep^ower 
per unit of area is given by the eqtiation*//p 
O.OOqop2l4 X K^ where K is the wind velocity in 
feet per second. This equation givesXhe results of 
horsepower output of a windmill (area 100 square 
feet, efficiency 30 percent) as follows: 



• Wind speed in feel per 
second 

Wind speed in miles per 
Hour 

Windmill horsepower . . 



10 20 30 40 50 100 



. 6.8 
0.06 



13.6. 
0.5 



20^ 
1.7^ 



27.2 
4.1 



34.0 
8.0 



68.0 
64.0 



Application of Principle ^ * < 

1. A windmill can be^ constructed for demon- 
stration and use in generating electrical power 
for charging storage batteries. 

2. A cup-type anemometer can ^be. used or 
constructed to check wind speed. 
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Unit 4 - HEAT COLLECTORS 



It is safe to assume that the earth's supply of 
fossil fuels will last for at least one and one-half 
centuries and that the supply of uranium will last 
for a century beyond the fossil fuels. However, 
these fuels are Imited, and energy sources which 
are not presently being used must be put to 
efficient use in the future. 

The energy of the sun is the most obvious source 
of energy. The daily supply is tremendous. In two 
days the sun provides thp United States ^with 
energy equal to all our Remaining fossil fuel 
reserves. Much of this energy is lost,- however, 
because of clouds • and other forms of energy 



dispersion. Yet the energy reaching the earth is still 
far greater than our needs. If only 1 percent of 
available ground area were used for solar power 
plants, these plants would have a theoretical 
capability to produce more power than all the 
steam and hydroelectric power plants in the world. 

There are two major 43robJems in making prac- 
t/cal use of solar energy - collecting it and using it 
al low intensity. Heat energy at normal earth 
temperatures is difficult to put to practical use. 
More researc^and study are needed before solar 
energy becorii^^ a major source of controlled 
power. 
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Some current uses, though small, are note- 
worthy. They are as follows: 

1. Solar cells convert solar energy to electricity. 
Even though the out{iut is low, -solar cells are 
used to power satellites and pteyide povyer for 
remote telephone boosters. ; . 

2. Solar evaporation of ^aw^tex has been a 
major. source of saltNiQd other ocean minerals 
for centuries.. Also, the evaporation and con- ' 
dehsation of. seawater as a source of fresh 
water have been effective in small aq^ experi- 

4 mental installatipns>\^ 

Solar cooking units IWve been designed and 
manufactured/ for use in areas having a 'syb- 
.A stantial amoum^of available sunshine. 
4. Sohr heating #f homes has been successful^^ 
regions . where there is an abundance or 
sunshine. ^ . 

Ught 




Boron 



1. Conduction: Through motion, kinetic energy:^,' 
is transferred from^Qne^atom or. mplecuJipr^o 
other^oms. of molecules; adjacent' to ;it.' In 

" ' th^P^y heat travels through a body by 
dfonduction. Metals are good heat conductors; 
nonmetallic substances are poor conductors. 

2, Convection: The increased molecular motion, 
- due to arise in temperature, causes substances 

to expand, thereby reducing Jheif "^density. 
When any portion of a gas or liquid is heated 
• to i Righer temperate the remaining 

fluid-, it becomes^ lighter 'and floats upward. , 
* The resulting movement is a convectiqn ^ 
current.. Heat is distributed in gases^ and 

tliq^uids by these convection currents. 
• 3. Radiation: Heat in the form of radiant energy 
' travels in straight lines througlj space and 
^ trarlsparent materials. Radio waves, infrared 
light, visible light, ultraviolet light, and x-rays 
1 - are all forms of radiaiit energy. When radiant 
energy, particularly that of the infrared por- 
tion of the spectrum, strikes an opaque 
object, some of it is reflected back into space 
and some is absorbed. The absorbed portion 
increases the kinetic energy of the atoms or 
molecules that make up the substance, thus 
increasing its temperature. 

All opaque b^Sfefcradiate some heat, depending 
on their temp^f , and ^1 such b6dSf§^aJ^rb 
^ome of the radiaffr energy that strifkes them.;The 
amount of absorption or radiation depends mainly 
\on the surface and color of the body. Kough, 
dark-colored ^rfaces absorb and radiate more 
heat. Smooth, light-colored surfaces absorb and 
radiate less heat. 



Silicon-arsenic 



A solar cell is composed of a wafer of silicon-arsenic 
coated with boron. ' 

Scientific Principle Involved: Heat 

The teimperafure of a body is the measure of the 
motion bf its molecules. Molecules of all sub- 
stances possess ^kiiietic energy, which may be 
expressed by the formula KE = 1/2MV^ where KE 
is kinetic energy, M is mass, and V is velocity. As 
the temperature of a substance rises, the kinetic 
energy and, therefore, the velocity of the motion 
of its molecules increases. \ 

Heat is transferred by conduction, by convec- 
tion, or by radiation: 



Sun's rays 




Focus of 
rays 



Reflector 



Solar cooking can be demonstrateid by using a 
concave mirror or bright metallic surface to convert 
the sun's rays to heat for power. 
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Application o:^ Principle 

1. ^ simple heat collector can be made from- a 
box which is painted a dark color, preferabljf 
\ tilack. A* second collector box, painted* white, 
V V should also be made. A thermometer should 
^ be placec} in each box and the boxes placed in 
bright sunlight. The teraperature readings of 
e^h thermometer should -be recorded at 
p^odic mtervals. An appropriate graph can 
beblotted. 

^ 2. Solar cooking can be demonstrated by usigg a 
concave mirror or bright metallic surface. A 
match or small pieces^of wood can be ignited 
at the focal pomt of the mirror or^flector. A 
larger -linit, designed to roast hot ^gs or cook 
other foods, -can be bui^ ^vith a bright, 
concave, Jietallic surface to a reflector. Care 

■ : : ■ ... -r 



^should be exercised since very high tempera- 
tures are possible; . ^ 

^''the conversion of solar energy ,^to elec^ic^fy 
can Ije illustrated through the use of- solar 
cells. A solar motor assembly can be built 
which consists of a pair of solar cells wired to . 
*'^'a sm^l motor. The mptOr will operate when- 
ever the oells are exposed to sunlight. 

^ Sele^^d^eferences 
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Unit 5 - SOLAR STILLS 



The available supply of fresh water may soon be^" 
inadequate for many cities and^ countries in the 
world > Many islands, such as the Vii:gin Island^ 
have inadequate supplies of-^fresh water for driqk- 
ing and for irrigating ^rops. As a result, consider- 
able^ effort l^as been expended to extract o cean 
water that can be used as fresh drinking watery 
X One metliQdj oft^n recommended for su^ivors 
at sea, involves the evaporation and, condensation 
of seawater. Dliring evaporation the water goes 
into the air in the container, leaving vthe salt and 
other minerals behiiro. When the water is con- 
densed, it' is fresh and free' of salt and other 
minerals. 

' This^ method, known as the solar still method, is 
inexpensive but impractical for large quantities of 
water. It is currently used a^ an emergency or 
-low-production method of desaltijjg seawater. 
Future improvements might find itaOr a modi- 
fication of the system more practical to meet the 
growing demand for fresh w^ter. ^ 

Scientific Principle Involved: ' 
EHstillation of Water 

Seawater is not satisfactory for drinking because 
of it» high saline content. , Distillation or Evapo- 
ration has long been usecf as a method to obtain 
pure water. The process consists of evaporating or 
boiling water to form water vapor or steam, which 



is then condensed to4iquid^gain. The condensa- 
tion takes place on any surface which is cooler 
than the water vapor oV-steafc. All suspended 
matter and any dissolved material which has a 
higher boiling point than water are left behind. • 

Alpplication of Principle 

A solar still may be^developed throifgh the use 
^of a large, clear plastic bag, a black t^el, or other 
dark, absorbent material, and a collectdf^tray. The 
plastic bag should be rigged as a canopy over the 
black towel.' The towel should ^be soaked in salt 
water. When the unit is placed in the sun, the solar 
energy will be absorbed by the towel and the water 
will be heated and ^porated. The water vapor 
w^l rise to the inside of the canopy. Since the air is 
cooler within the qanopy than at the towel, the 
water will condense on the inner surface of the 
ctear plastic bag. A* collector tray along the edge of 
the canopy should used to collect the small 
quantities of condehsed fresh water. 

Selected References 
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SECTION II < 

^MECHANICAL POWBR 




Unit 6 



SIMPLE AND COMPOUND MACHINES 



^Machines are used to transform ^energy, transfer 
energy, multiply force, multiply speed, and change 
the direction of -a force. A generator transforrns 
mechanical energy into electrical energy. A steam 
or gas turbine^: transforms heat energy into 
mechanical energy. Machines are used to transfer 
energy froiii one place to another; for example, in 
an automobile the connecting rods, cc^inksHaft, 
drive shaft, and rear axle transfer energy from the 
combustion in the cylinders to the rear wheels. 
K^hines are used to multiply force; thus, art 
en^ne can be lifted out of ah automobile 6y using 
a system of pulleys. The pulley system makeS it 
possible to raise the engine by exerting a force 
which is smaller than the weight of the engine. 
However, this smaller force must be exerted over a 
greater distance than the height thrpugh which the 
engine is raised, and the engine moves more slowJy 
than the c|jiain which is- pulled. A machine, 
therefor^ ptoduces a gain' in force, but only at the 
expe^|j|^^i^^: speed. Machines are also used to 
multiply ^Sp^^ for example, a bicycle is Used to 
gain speed ,1b ut only by exerting a greater force. No 
machine can be used to gain both force and speed 
at the same time. And machines^are used to change 
the direction of a force, as when a single pulley at 
the top of a flagpole enables one end of the rope to 



exjsrt an upward force, on the flag as a downward^ 
force is exerted on the other end. 

. Mechanical Advantage 

When a -chain hoist is used to lift a car engine,' 
the chain moves several feet to raise the engine a 
few inches. When a vise is tightened, the end of the 
handle is mpVed (turned) further than the jaw of 
the vise is moved. When the lever of a paper cutter 
is pulled down, the hand of the operator moves 
farther than any point on the cutting edge. In each 
of thes^^ia^s and in countless others, a lesser force 
is exerte^^ft gairi a greater force at the expense of 
having to ^^rt thg? lesser force over a longer 
distance. Each of these machines provides mechani- 
cal advantage. 

Scientific Principle Involved 

By the use of simple or compound machines, a 
person is able to multiply the force that hi 
muscles are caplable of exerting. When a 20-pou 
force is exerted through a pulley arrangement o 
chain hoist to jift a 200-pound engine, the effoi;t ot 
a person is multiplied ten times. Mechanical advan- 
tage equals weight'^supported (VJ) divided, by the 
force' applied (F) in any mechanical device; or, to 
put it' another Way,. me(::hanical advantage equals 
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WIF: the mechanical advantage then is ten. With 
the vise the mechanical-advantage principle if^he- 
same ex<:ept that it is achieved by a combination of 
two simple machines, the wheel aftd axle and the 
screw'of inclined plane. Likewise, the paper cutter 
• combines the lever and the wedge. 

mechanical advantage of force of a machine 
is --^termed theoj-etical or , actual. Theoretical 
meclpnical ady^age^is the ratio of the distance 
the,elTort forcef movps to the distance the resist- 
ance force moves. Actual mechanical advantage is. 
the ratio of the resistance force to the effort force. 
The efficiency of any machine is the ratio of its 
actual .mechanical advantage to its. theoretical 
mechanical advantage convierted to a^ percent. 

Simple Machines r 

There are ^ six simple machines. These are thg 
lever, the pulley, the wheel atid axle, the mcfoied 
plane, the screw, and the wedge. Other machines 
are either modifications of one pf these simple 
machines or a . combination of two or more of 
them. The pulley and the w)ieel a'nd axle Stt 
fundamentally levers^ while the wedge and screw 
are modified inclined planes. M^y complicated 

' * machines are combinations of simple machines. A 
combination of two or n^ore" simple mac|iin«$ 
called a compound' machine. A . drill press is an 

\^e}^mple^ o| a compound machine. Many of the 
^simple machines are found^ the dnll press. 

Lever ^ 

^The lever was one of the first simple machines 
known to man. In making use of leverage, he found 
^ ' that the timiing effort exerted depended on ( 1 ) the 
amount orforce applied; and (2) the length of the 
lever arm. Jhe same form of simple le|er4s still 
used to move heavy objects. In modem mafchines 
many other more complex forms of tKis simple 
— Machine ^sUl^sed in gaining mechanical advantage 
lovement. Some examples of tools 



or speed-<| 

\ ' ({nachinesf that use the lever pnn^^ are tire 
jacks, sci^sor$, hammers, bol^^u?tefri>liers, tin 
1 s^iips, crowbars, vise handles, wrenches, hand-lever 
piSnches, paper cutters, drill presses (feed hanflles), 
and squaring shear^\Ctreadles). Pushing, pulling, 
raising, or lowering of handles on most tools are 
. applications of the principle of the leve^ Moving 
•'the acceterator,-clutch, brake pedals, tum4n(ftcator 
levers, and manual gearshfuT^V^s are examptes of 
the application of the lever in automobiles. Operat- 
ing'* cranks and \i^i^^tdXtQrs are examples of the 
application of ^tKe lever principle found in other 
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imits dffven by intemal-combustidn engines. ,In 
m6st instances the lever is used to increase force.' 

'Scientific princf^le involved, A lever is a rigid 
bar that is free tb turn about a fixed point called 
the fulcrum or pivot point. A force applied to one 
point on the lever may^ be used. t9 overcome 
resistant force at -another point on the leven The 
ratio of the force applied to the resistance that*is 
overcome. i& called the mec)i$nical advantage of .the 
lever. 'The theoretical mechanical advantage of a 
lever majltSbe found by divfding the distancelfrom 
the effort (force) to the fulcrum by the distance 
from the resistance (load) ta the fulcrum, ijevers 
are of th^e classes. First-class levers have the 
fulcrum between the fqjces; some examples, 
include tin snips, 'pliers, and scissors. Second-class 

--^vers haVe the load or resistance between the 
effoh'^and the fulcrum; p^per cutters £md welding 
, taiik trucks are examples. Third-^ass levers' have 
the effort applied between the fulcrum and the 
tesisiance; examples are ^ calipers and^ 4<iteezers. 
These' tools ^e familiar examples of the use of 
Jevers. Levers may be used 'to increase force, 
distance, or speed. If the resistance force is greater 

'^an Jhe effort force, then the effort foi;fe niu?t 



Effort 



Load 



Fulcrum 



Effort \. Load 




Fulcrum 



^ Effort 



Load 



t , ■ 



'ulcrum 

first-class lever (top) has the fulcrum ^ jyg^o n the 
effort applied and the load (e.g., prying^ with a 
crowbar)>^ secbnd-dass leyir (center) has the load 
between the effort applied and the fulcrum (e.g., 
moving a wheelbarrow); and a third-class ley^ 
(bottom) Has the effort applied between the fulcrum 
^ and the lo^ (e.g., using a broom).' 



( 



Xmove Jhrough a greater distance (faster) thari the 
resistan^. The work done by the lever jean, 
thereforej) never be greater than the amount of 
work-^i^uced by the effort on the leverVlf the 
work done by the lever were greater than j^at put 
in, the lever would be an energy-cre^tftig or 
perpetual-motion machine, ^ 

Wheel and Axle ^, 

The wheel serves a number of purposes. Like a 
fixed pulley, a road wheel Oj^ an automobile 
supports a load and permits it to move in a 
direction parallel to theToad surface. When power 
from the engine pauses the rear axle to turn, the 
rear wheels act as levers to move the' load they 
support. The wheels also function as levers when 
the brakes are applied. GeaA, sprockets^ pulleys, 
windlasses, and winches are examples of the wheel 
and axle. 
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Wed^^r 

MWhas found njany applications of the princi- 
ple. 0/ the wedge. The great force that can be 
exerted /by^this simple machine makes^it useful in 
(1) separating or forcing onK thing away from 
anoth^ (by the u§e ofjkxek chisels, knives, 
splittirig wedges, ^nd^edaes tk^d to lift heavy 
objects^and (ij) locking *or holding objects 
together (6v\the use of wedges in hammer handles; 
* pegs, nails, k^jfxther fasteners that^re driven into 
/ ^ materials; coifein bottles; and gears ^ wheels that . 
ar^ pressed on the ends of shafts). / 

Scientific principle involved. The wedge is an 
object that has a greater^^m^ section at one end 
' than at the other. As^'uwedk is moved in thfi;^ 
direction*of its smaller cro^ section, a greater force - 
is exerted at right angles to this jihotion by its sides. . 
Th^ wedge is ajbrn^t^f thf^jjc^lned plane, and its 



Scientific phficiple ihvolved. When in motion, 
the wheel is a cohfmuously rotating lever. The • 
center of the Wheel is tH^ fulcrum. A wheel that, 
likeg-a front wheel oi\ axcar, merely rolls 
supports a load has a mechalvcal advantage of one. 
Drive wheels on powered veMcles usually have a 
mechanical advantage of less man one. And whe^Js 
with brakes have a similar mechanical advantage. 
The amount ef:.mechanical advantage depends on 
the wheel rj^^iusijrear axle ring-gear radius, brake, 
drum, or disk^xa^ms., A cable or rope windlass isa ' 
wheel and axle with i mechanical advantage greater 
than one. T^e amount o( mechanical advantage 
gained by a windlass depends on the diameter of 
the drum and the iengfh <^t heaving handle. 

Inclined Plane ^: 

^ The inclined plane is a great Ijelp to workmen 
because of 'the mechanical advantage it provides." 
Gil drums and other heavy objects can be raised or 
lowered by means o{ an inclme. The same principle 
is involved in the grading of roads and mountain 
trails and in the ascent and descent of winged 
aircraft in 

/ . - ■ 

Scientific principle involved. An inclined plane 

\ consists of a plane surface- with one end or side 
higher than a plane parallel to the earth -s surface. 
Mechanical advantage is gained when an object is 
moved up a slanted surface rather than when it is 
lifted vertically. As an example, a 3Q0-pound dnim 
can be rolled up a 12-foot incline that rises 4ieet 
at one end by a calculated force of 1 00 pounds. 




Pulley 



Pulleys artdrr^tts. 



[amed in the same 
^^Ihches and its 
2 inches, it will 
ttage of three. 



as well as sprockets and 



chains, are used'lii driving all types of equipment. 

^ The drill press, lathe (wood and nletKlh jig saw, 

milling machyjK^'<*aia/ihpist, block and ta^le^'and 

* many ottie^l^evjces wou^ be rendered useless.^' 

^vfithout the iimple machine known as the pullei^^^ 

The pulley provides a means of transmitting. 

5 mechanical power from a single driving source to 

one or driven mechanisms. The pulley, as 

used with^chairf" hoist, provides a mechanical 

\ advantage; iy makes easier the lifting of a heavy 

object, such as an automobile engine. Pulley and 

^belt combinations, as found in the drill press, are 

used for obtaining desired speeds. Pulleys and belts . 

are used to transmit . power from internal- 

cOmbustion engines to drive electric generators and 

fans of vehicles and stationary units. 
. > * 

Scientific principle involved. A pulley, which is a 
wheel that turrrs readily on an axle, provides a 
means of transf^ing power through a belt or 
chain from one location to another. With this 
transfer of pow^r, it is possible to accomplish work 
at a location removed from the ^urce of power. In 
the lifting or moving of an object, a single. fixed 
pulley merefy changes the direction of-force. In a 
pulley -system with one movable pulley; tlie force 
moves tvdpe as fast as the load. A combination of 
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pulleys of varying *sizes may be used to increase or 
decrease speeds beyond the speed ^ the driving 
source. The law governing this principle is that th^ 
ratio of the speeds at. which the pulley^ turn /is, 
inversely proportional to the diameters of tlfe 
pulleys. As an, example, an 8-inch pullev at the 
ijjriving sot^ce will make one revolution ror every 
tw^ revoiutnpns of a 4-inc^driven pulley. 

Screw 

Certain devices are regulated with adjusting 
screws. As adjusting screws are turned, force is 
applied to control the space between the parts or 
to provide the |:esistance that may regulate the 
flow of gas, liquids, or electricity. The correct 
setting is determined by the amount the ^justing 
screw^s turned and, in some cases, can be .checked 
with an electronic instrument or a pressure gauge. 
A few ^hevices that use adjusting screws are 
oxyacetylene regulators, padding capacitors, painj- 
.spray^ guns, automobile carbutetorsl micrometers, 
and co^npas^s. Clamps and Y:ises make use of the 
simple 'machine known as flie screw. A confmon 
clamping operation, is holdingsiLatcrial firmly in a 
drillrpress vise while the stock is being drilled. The 
handle oS the vise acts as a. lever, rnultiplying the 
mechanical advantage^ of tbe screw. The total 
mechanical advantage of ^ch a device is the 
product of the mechanical advantages of the tvr^ 
simple machines. 

\ Scientific principle involved. A machine screw is 
a cylindrical ^dy with a hdi^cal (spiral) gro^ cut^ 
into its surface. For practicai\purposes a screw may 
be considered cln inclined plane in the form ^f a 
helix. The screw must resist tension (strain) and 
shearing (cut^g). In its application asi a simple 
machine, the sCrew is machined to precision 
accuracy in both fit (fcorrect size) and pitch 
(distance between threads). The fit of the screw 
determines hmv much friction will take place as 
the screw is turned. With too much friction, the . 
screw is difficult to adjust; with too little friction, 
the screw is drfficult to keep adjusted. The pitch of 
the screw threap determines how finely a particular 
instrument can be adjusted. If the fit and the pitch 
are not correct, the effectiveness of the adjusting 
screw is decroiosed. 



Compound Machines 

An engineer designing a steering system for an 
automobile must devise a set of levers and gears — - 



'ihat provides enough mechanical 'advantage to turn 
the front wheels easily y^t Requires a minimum 
number of turns of the steering wheel for the 
convenience of the operator. Consideration "must 
be given to the diameter 6f the s.teering wheel, 
which is rigidly attached to the steering shaft; to 
the ratio of the gears in the steering gear box; and 
to the length of the levers, which move the wheels 
at the7r pivot points. Power assistance (power 
steering) is often built into an automobile to assist 
the' driver in exerting greater force in turning the 
wheels. * * ^ . 
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ScientifioBrinciple Involved 

..^ . 

The function of a- machine is to con^rt energy 
to-^eful work, 'the steering system of an auto- 
mobile is^ .a^ machine that enables a person to 
multiply the force produced by his muscles. The 
lever is a rigid bar that is free to turn about a fixed 
point. The arm or end to which force is applied 
the effort arm; the arm that moves the load is tlie 
resistance arm. The mechanical advantage, which 
depends oj^the lengths of the two arms, may be 
increasedrby lengthenihg the effort arm or short- 
ening^t^e resistance arm.* The gear is a forrn of 
lever. ItJMs a series of levers around a circle used to 
transmit continues force to another gear. ^'One 
g^r of as^pair may^be the resistance Urm and the 
omer the effort arm. The wheel i^dly attached to 
an axle is also a form of lever. T^he rim of the wheel 
is like a series of levers and is more convenient to 
use than a single lever. A combination of two or 
rnore simple machines, such' as thp lever, ge^^rs, and 
wheel with ii;cle, is a compound machine. In almost 
all cases the total mechanical advantage of a 
campoiind machine is the product of the mechanh 
cal advantages of the simple machines of whiqh it is 
composed. 

Application of Principles 

mples of simple and compound machines 
can be identified cjmong the hand tools and 
components of machines in the facility as well as iil 
the systems of internajl-combustion engine units. 
Simple and compound machines can be demon- 
strated by using ( I) a yard or meter stick as a lever 
to lift weights; (2) weights, levers, and spring scales 
to show mechanical advantage arid torque; (3) 
brake pedals on automobiles to illustrate classes of 
levers by disconnecting the brake pedal from th^ 
master cylinder and connecting a spring scale or 
-4refq-ue wr ^ gnelr to the pedal; (4) a spring scale 



connected to the rim of a steering wheel to 
measure the force necessary to steer the vehicle; 
(5) input and output tr^psmission shafts to deter- 
mine gear ratios; (6) the rolling of a grease drum ,up 
a ramp to demonstrate the inclined plane; and (7) a 
wood or metal wedge to secure tool heads. 
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Unit 7 - LUBRICATION 



• For the propW lubrication^ of ^ four-cycle 
internal-combustion engine, ^he oil used must 
prevent rotating and sliding metal surfaces from 
coming into contact while under^eavy shock loads 
and widely varying temperatures. Internal liquid 
resistance to flow pre\^ts oil from being squeezed 
from between moving^etal surfaces of bo^ngs, 
cylinder walls, and valve trains. This property of oil 
is cpmmonly referred.vto' as viscosity. 

i\ Viscosity of Oils 

Viscosity of oils must be discussed in terms of 
(1) body, or thQ. resistance of the oil film to 
puncture; and (2Vfluidity, or^the ease.with which, 
oil flows through attribution lines and coats metal 
surfaces. These characteristics . can be ccmsidered 
opposites since the more fjuidfty ah oil shows, the 
les^ body' it has. Modem ^gines require an oil with 
great fluidity because of CSbse tolerance but with 
body /esistive to break do w'nSander the heavy loads 
aiid temperatures imposed by high horsepower 
output. ^ 

The yiscosity of an oil can be determmed by a 
device called a viscosimeter.V The viscosimeter 
determine . the 'time it takes a/measured quantity 
of oil at a certain temperature to flow through a 
metered orifice. 

Temperature affects oils by increasing their 
viscpsity as the temperature drops and decreasing 
tieir viscosity as the temperature rises. According 
^o the viscosity rating system of the Society of 
American Engineers (SAE)^lower numbers indicate 
a thinnej oil, higher numbers a thicker oil: Winter 
grade oils have a after the SAE number to 
indicate that the oil was tested at ^ero degrees F. 
and 210 degrees F. The three automotive winter 
grades are SAE5W, SAEIOW, and SAE20W. Auto- 
motive oil not tested at zero degrees F. is rated as 
SAE20, SAE30, SAE40, or SAE50. Oils can have^ 
multiple ratings, such as SAElOW-30. This number 
means that the oil can be substituted for grades 




SAEIOW, SAE20W,'ai]d SAE30/ ^ v3 

The American Petroleum Institute (API) has 
devised a system for classifying motor oils accord- 
ing to entine service requirements. This classi- - 
fication swem provides six service rating^, three 
for gasolinWengin^^nd 'three for diesel. engines. 
.Thd^irst letter in eacK designation indicate^ the 
type of engine^sM for the gasoline and LPG engine,\^^ 
aijd D for the diesel engine. The second lettel^in^ 
e^. designation indicates the type of service. The 
rtffiree service K^tings/for gasoline or spaxk-igrytion 
Nsngines'are (1) jWS for severe service; (2) MM for 
medium semcefancK(3) ML for light service. 

A Viscosity Index\(VI) evaluates oil in terms of 
viscosity change ca*6ed by variations in tempera- ' 
ture. The adopted VI rating scale goes as Uigh as 
300. the higher the VI number mdicated, the less 
the oil viscosity varies with temperature. In a very 
cold climate, the viscosity index is very important. 
It may be necessary, fcfr^.^xample, to start an 
engine at: below zero degirees F., but in a few 
minutes' have oil temperature witHin the engine at 
2.00 degrees F. In this situation the oil must not be 
so thick at starting that it prevents cranking, but 
^^not so thin at operating tenfiperature that engine 
dan\a|^resurts. ^ y 

On^companies .blend oil with additives to give 
the proper viscosity index for the type of service 
for which the oil is intended. Multiviscosity oils, in 
wide use now, are premium oils that have a high VI ^ 
rating. The viscosity of an oil used in an automo- 
b^e. Engine has much, to do with the life of that 
engine. Manufacturers'^ recommendations should be 
followed carefully in selecting and using oil. 

With the development of improved lubricating 
oils and more efficient oil and air filters, automo- 
tive, manufacturers have liberalized . their recclrn- 
; me'ndations for oWf :hanges. When favorable 
operating conditions exist, some manufacturers 
recommend that oil should be changed every two 
months or after 4,000 miles of operation, which- 
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'ever occurs first. Other ^nanufacturers favor an oil 
change every two months or after 6,000 miles, 
whoever occurs first. All recommend that for 
more adverse dijving conditions, such as start- 
and-stop driving, cold-weather driving, or 'driving 
through dusty areas, the oil should be changed 
more frequently. ' " 

Scientific Pcinqiple Involved: 
Fluid Friction and Visco^y 

When a liquid (fluid) is set^> motion, internal 
structures (moleculesHBoVeat different velocities. 
Friction is involved as these structures slideyover or 
rotate around each other. This friction is known as 
viscosity. , ^^ ^ 

. A liquid is made, up of molecules in motion 
which are «f different sizes for different liquid^. 
Liquids iWith large molecules tend to have a higher 
viscosity' than liquids' with small molecules. This 

.pheiioitignon might be explained li>y comparing the 
large? riiolecules to rocks and the smaller (nolecules 
to fine sand. It is much easier to force a^ile of 

*«and to flow than a pile of rocks because rogj^- 
tend to Trile up and resist motion."tiqtud«with 

"different-sized molecules can be mixed to obtain a 
desired; -viscosit}^. The smaller molecules can be 
thou^t Vof as little bearings that fit in with the 
larger molecules to provide a "ball-bearing" effect 
to reduc^he Iresistance^to flow of the larger 
molecules. 

The molecular structure of a liquid is always' in 
motion;ym)\v active the rpplecules are is determined 
by temRexiture.^The lower the temperature, the 
slower and closei togethej are the molecules. The 
higher the Wnpjerature, the moni rapidly ^.^^nd 
farther apart thV^sISplecules row^. The mtire 
activity displayed bytjte moieties, the less is the 
energy that will be nece^aQ>to cause the liquid to 
, flow. The opposite is true for lower temperatures. 
If the temperature is raised too high, the molecules 
tend; to get so far apart that, for all practical 
purposes, the viscosity of the liquid m^y disappear. 

Application of Principle ^ 

1 . Obtain several different SAE grades of oil. 
Provide a funnel with a small metering orifice. 
.: . Heat measured quantities to a given tempera- 
\ ture (such as 200 degrees F.) and time the 
flow through the funnel. Cool the same 
samples.jji dry ice or in) a refriger,ator to a 
given temperature (such as 32 degrees F/). 
Compare the rates of flow. 
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2. Sh6w tlie' effect of cold on the cranking of an 
engine by cooling a small gasoline engine with 
dry ice. Compare how difficult this engine is 
to start with different grades of engine oil in 
the crankcase. «v 

3. Conlfpare the viscolsity of various oiUiby a 
simple device. Place oils to be tested in 
plugged test tubes, each, of which contains a 
small st^el ball. Place the test tubes in a rack 

^ so that all can be rotated at the same. time. 
The more viscosity an oil has, the longer will 
it take for the oil to reverse in the test tubes 
and for the steel ball to settle to the bottom. 
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Note\ The numbers in parenthes^ in this section refer to 
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"functions of Lubricatkigf Oil 

Lubricanjis are used to slpw ddVn wear and to 
reduce fpaion between two-moving surfstces! The 
lubricating oil used in :th€i four-cycle internd- 
combustion ' engine performs at least seven 
functions. It (1) lubricates niovmg parts to reduce 
wear; (2) reduces frictioli;»and power loss; (3) 
prevents spot overheating^by absorbing heat as it 
circulates; . (4) seals' pistbn rmgs, pistons, and' 
cylinder w'^s to prevent loss of giises on the power 
stroke; (5) absorbs sfiflbk in bearings; (6) dissolves 
lacquerlike substaiiQ^ and suspends other by- 
products of broKeij^own oil and worn metal 
through the use of detergents and the oil-filter 
action (helps keep engine clean); and (7) neutral- 
izes acids (formed in the breakdown of oil by heat 
which would damage metal parts) through the use - 
J of additives. 

Cylinder walls, pistons, and piston rings are 
exposed to tlte high heat . of the burning fuel-air 
mixture (particularly on the power stroke). This 
heat will evaporate some of the oil coating on 
pistons and cylinder walls. The oxygen from the 
unused air in the fuel-air mixture together with the 
high temperature will partially bum part of the oil 
coating the exposed surfaces^ leaving carbon. The 
heat also "cracks" some of the oil molecules, 
causing the formation of additional carbon. ~ 

Lubrication of the two-cycle engine is quite 
different frorh the lubrication of the four-cycle 
engine. Since the fuel mixture must travel through 
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the crankcase, a, reservoir of ^eil cannot be stored 
there. TheTttbricating oil is^ojixed'Uith the gasoline 
and is then\ut Jnto the gas tank. (Two-cycle 
engine manufac|urers are now^ developing and 
marketing ' engineis with oil-metering devices that 
' elimihate the ne^d/for premixing the oil apd 
gasoline.) The lubricating oil for all crai^case parts 
enters the crankcase as pirt of the fuel mixture/' 
Millions , of tinV pil droplets suspended .inythe 
mixture of gasoline and air settle* on the mcjfving 
parts in the cranxcase, provTdi/g lubrication. 



Scientific Principle Involved: 
Effect of Heat on Hydrocarbon Molecules^ 

Heat is one fdnji of energwand-has t^e capacity 
of doing work (both useful and destructive). High 
temperature is used in petroleum refineries to 
break .large hydrocarbon 'molecules into smaller 
ones (cracking) in order to obtain more gasoline. 
The carbon and hydrogen atoms of the, hydro- 
carbon molecules are ^Id together by chemical 
bonds. When heat is added and the temperature is 
thereby raised, the atoms begin to vibratl^tretch- 
ing the bonds (very much like bouncing a ball tied 
to a rubber band). When the vibration becomes too 
violent, ih^ bonds begin to break. y 

Application of Principle " 

1 . Demonstrate the effect of heat on lubricating 
oil by dipping one end of a 1-foot welding rod 

- ' in oil, holding ^e rod with pli^, and heating 
the opposite end with a torch. The heat 
V travels along the rod, and the ail begi^ns to 
smoke (evaporate). Continued heating pro- 
duces a black, sticky coating on the rod'from 
the oil (carbon and lacq^uerlike substances). 
Test and compare various brands und viscos-. 
ities pf pils^lsp test used oils (crankcase , 
drainiitgs). 

2. Check the acid content of used oil by placing 
a small quantity of crankcase drainings on a 
piece of metal. 

Selected References 

Note: The numbers in parentheses in this section refer to 
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Dry, Greasy, and Viscous Friction 
Fr4etion is a force which resists motion and 
conv&rts the energy of motion into heat. The 
"drag'^'dpe to friction depends on the roughness of 
the surfaces in eohtact, the amount of surface, and 
the force holding them together. Friction is both a 
help and a hindrance in the operation of an 
automobile. It helps a person- to hold and turn the 
steerifig wheel. Without friction the brakes would 
not work aad the tires would not have traction. 
The steering wheel, brakes, and the tire tread" are 
all designed to increase the effec4:iveness of this - 
helpful friction. - 

jAowever, f/iction in the automobile engine an4 ^ 
afong the^pdwer train wastes* energy and/causes » 
wear. The use of machined and polisheavmoving 
parts, bearings, and proper lubrication all help to 
decrease the amount of friction. They enable the 
engine (and power train) parts to last longejLand 
the automobile to perform more efficiently. ^ 

There are" three types of friction: dry, greasy, 
and viscous. Dry friction occurs when two dry 
surfaces rub* together/ The friction between the 
brake lining and the brake drum is one example of 
dry friction. Greasy friction occurs when a small 
quantity of oil or grease is applied between the two 
contacting surfaces. Grease is applied to auto- 
mobile door latches and the front wheel suspension 
system. Viscous friction occurs between the layers 
of a liquid, The lubricating oil in an automobile 
engine is forced between the*^ moving metal sur- 
face^. Viscous,, friction is thus substituted for 
sliding friction. 

Scientific Principle j|nvoIved: 
Dry, Greasy, and Viscous Friction 

Atoms and molecules make up solids, liquids, 
and gases. They 5ll behave as though they were 
very tiny balls. The surfaces of highly polished 
solids appear to be perfectly smooth. However, 
photographs of these surfaces, taken with an' 
electron microscope, show "hills and valleys." The 
"hills" of one contacting solid surface tend to fit 
into the "valleys" of the other, causing friction 
(resistance to movement) between solid surfaces. 
The molecules of greases are larger and move about 
more slowly than those of oils (at the same 
temperature). The constant movement of the 
molecules prevents /the formation of permanent 
V"hiHs and valleys'* between layers of greases Shd 
oils. Friction in both oils and greases should be, 
and is, less than solid friction, and .oil (viscous) 
friction is less than greasy friction. 
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4)plicatioiy of Principle 



Measure relative friction hj^ using sefveral 
blocks of the same size (but of different 
materials), a spring balance, a long, flat 
surface, grease", and lubricating oil. Tie a string 
to each block in order to attach the. spring 
balance. Testjbach block for all three types of 
friction (dryf greasy, vinous). Place a block 
on the long, flat- surface with the spring 
balance attached to the blQck. PuU^th^e s^ng 
balance steadily until the bl9ck begins to ' 
ihove. Read' and record this "starting force" 
(pull). (The difference between the starting 
anpl moving force is the friction.) Test the 
bJockObr dry friction and record the date of 
testing inV^able. Coat each block with grease^ 
md repe^r the experiment. \Observe and 



Record the starling force and the^moving force 
for each block. Cover the long,jtflat surface 
with oil and^repeat the^experi^pent. Again 
observe and record the starting force and 
moving force for each block. 
2. Measure the force "needed on -the steering' 
wheel of an automobile to turn thef^ front ' 
wheels: Place different surfaces under the 
front tires. 

Selected References ' "^^^ . * 
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Unit 8 - SPRINGS 



' Mechanical energy can be stored irt a spring and 
'^^sed in many ways in machinery, engines, watches, 
toys, and other^deyices. A spring has the capacity 
to store energy ^R4jrelease it when needed. Springs' 
are made of steel or brass. One of the most 
•frequent uses of springs is to supply motive power 
in a mechanism. A good example, of this is found in 
the windup^oy. When the toy has been wound up 
and the lever has been activated, the toy moves ' 
ab9ut, releasing the stored enerly of the wound 
spring. The ^/alve springs in an automobile 'engine 
are also usee! to supply motive power or^ergy. 
The spring pushes or holds the valve firmly msthe 
valve seat of the engine until the rotating caifT 
mechanism of the engine forces the Valve lifter to 
open the valve. When the lifter stops pushing on 
the valve, the spring tlijn pushes the valve back 
' into the valve seat. 

Another use for a spring is to return displaced 
mechanisms to their original position. Examples 
are a door-closing spring or the spring on a cam 
follower. The coil or leaf spring on the car frame is 
connected to the axles of an automobile and is 
used to keep the body at a certain level with 
respect to the road. As the automobile moves along 
a highway and irregularities move the car body up 
and down, the springs help return ^lie body to its 
original position. These same springs act as shock 
absorbers on the automobile so that the bouncing 
effect is absorbed by the springs and is not 
.transmitted to the rider in the car. In modern 
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. automobiles hydropneumatic devices are used- to 
limit -the speed of the spring action. 

Springs are classified according to their shapes. 
The three main types of springs are the flat or leaf 
spring,'the helical spring,^nd the spiral spring. The 
flat or leaf spring, which is made X) f^late s^r 
leaves, has the special advantage of both puslffirig or 





If the pointer attached to the spring returns to the 
zero mark after the weight is removed, the spring is 
perfectly elastic. 
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palling at right angles. The helical spring consists of 
a wire wound in a helix.. It can be used for 
compression, such as a valve spring, or for tension, 
such as a brakejspr^"^. The spJPal spring is a wire or 
band wound in a spi/al that produces a torque,- 
such as -the spring found in'a recoil device used in a 
lawnmotor starter. 

Scientific Principle Involved: Elasticity 

iVhen a ' force is applied to a -solid body, 
distortion ofMhe body occurs. The greater th^ 
force, the greater is the deformation. In an elastic 
substance the^ displacement of 'the atoms and 
molecules of the substaripQ uridgr j^tress^^ u|f^:* 
foriies of attraction and repulsion which resist the 
distorting force and tend >to. restore the body to its. 
original size and ^hape. A ■ substance said tC^be 
perfectly elastic if; the restoring, force, called 
''elastic recoil,'* is equal and 6t)po<ite to the force 
causing the distortion. If the body does not resume 
its normal shape and^, size on removal of the 
distorting force, its '^elastic limit'' has been 
exceeded. Certain metals, such as st^l and brass, 
which possess desirable elastic prop?ertie«;^|ire used 
\ for making springs of various shapes anH sizes to 
vWithstandahe force^f compression, tension, and 
tbi^sion for which they are designed. 

Jooke's law , states that mthin the limits ^ 
perfect elasticity, strain h directly proportional to 
fress. This is the prin<gple upon which a spring 
bafance operates: the^ amount the sggmg is^ 
stretched (or compressed) directly proi^erfionat- 
to the force applied. TM^ if 600 pounds wy^^ 
compress a coil spring 3 inches, 1 ,200 pounds will 
compress it twice as far, or 6 inches. 

From the standpoint of.^pnservation of energy, 
the spring is practically t90 percent efficient 
because it can return practically all of the energy 
stored in it on distortiq^c^j^ils fel^lic limit is not 
exceeded. y'^^Si^ V ' 



Application of Principle 

1. Employ Springs as a; means of absorbing, 
.^storing, and imparting mechanical energy.- 

Activities involving the measurement^ of the 
energy in springs might include the following: 

a. Test the tension of ^ sifeen door spring 

' with a scale and record the pQunds mill at s 
various lengths as the spring is stretchai. 

b. Test compression springs, sugh as inl^rfial- 
. . combustion engine valve springs^,, on a 

valve-^pring tester,' again noting the force 
. required to compress the spring and the 
; , ' - ' change in the length or h|.ig^iyt of 
i^' j:. Check the torque on torsion bar with 

either a scale and lever or a torque wrench. 

2. Pursue the method by which the spnng is 
f actuated. Some of the methods are as follows: 
Sa. Use a cam (like that used in the internal- 
combustion engine) to actuate, thip valye. 

b. Apply pressure, either hydraulic or pneu- 
matic, to push on a valve (for example, 
check valves in a fuel pump). 

c. Use a twisting effort, such as the torsion 
bar or curtain roll, to demonstrate spring 

* action. ' . I * 

,3, Gather a variety of springs and idej^ify them 
• as to ^type (helical, spiral, or leaO; function 
(to absorb, store, or in^part energy); or force 
which they counteract or react to (compres- 
sion,. tension, or torsio»i). 

Selected Ref4«nces' ^-^ 

Note: The numbers in parentheses in this section refer to ^ 
entries in the list of selected references that appear within 
■ ^ this publication immediately after the text. 
% 

W) pp. \33-37 -,(22). pp.5\7-3l;(27). pp. 190-91; 
(69). Chapte? 15, pp. l-l6-(75). Chapter 16, p. 7, 
- Chapter 39, pi 1 , Chapter 40, p. 4, Chapter 42, p.3. 
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Uni^9 - CLUTCHES 



The purpose of a clutch is to permit the 
coupling or uneoupltng of a power so.urce (engine 
or motor) and the drive unit. In an automobile 
with a standard (not automatic) transmission, the 
clutciflSiakes^ i^^ power 
from H[engine through the power train to the 
wheelsjRe clutch utilizes the*scientific principle 
of friction. When the clutch is in a coupled 



position (engaged), . it provides the link which 
Allows power to flow from the engine to the rear 
'wheels. In the uncoupled position (disengaged), it 
does not permit power to flow. When the clutch is 
disengaged, the gear may be shifted easily. When 
the clutch is gradually engaged, with the auto- 
mobile in gear, the vehicle moves smoothly in the 
selected direction. 
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Classifications of clutches and examples of each 
include (1) the disk clutch, used in automobile 
transmission coupling^; (2) the cone clutch, used in 
standard transmission synchronizers and engine- 
lathe controls; (3) the overrunning clutch, used in 
starter drives ^nd automatic transmissions; (4) the 
spfag clutch, used in auttofmatic transmissions; (5) 
the ratchet-dog clutch, used in automobile bumper 
jacks; and (6) the centrifugal clutch, used in 
motorcycles, lawnmowers, and go-carts^ 

All automobile clutches are similar in construc- 
tion and operation; they are classified as single- or' 
multiple-disk^f^he single disk is most widely used. 
Frictional intact in the clutch is made between 
two smooth, metallic driving surfaces and facings 
riveted to a driven disk- Pressure springs hold the 
flywheel, pressure plate, and the friction disk 



together-^ The hub of the friction disk is splined to 
the transmission shaft. Depressing the clutch pedal 
releases the spring presure, and uncoupling takes 
place. The flywheel, pressure plates, and the 
friction disk* then turn independently. Releasing 
the clutch pedal engages the units, and the vehicle 
moves. . 

Scientific Principle Involved: 
Sliding Friction 

One scien^Bc principle involved^in therx)peration 
of a clutch re sliding friction. This friction acts 
parallel to Jhe* surfaces which are sliding over one 
another ana in the direction opposite to that,of the. 
motion. The degree of friction depends upon the 
.materials and their surfaces. Sliding ifriction occurs 
between the 4)rake lining and the brake drum on a 



Clutch cover 




Throwout 
bearing 



Complete pressure plate 



The illustration presented above gives an exploded view of the dutclVHintt used in the three-wheel Cushman 
gasoline truckster (Cushman Motore, Lincoln, Nebraska). 
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car. It -also occurs when two facings on the clutch 
are pressed between the flywheel and the pressure 
plate. When the friction becomes great enough 
between the two surfaces, slippage is almost nil. 
the two most important factgrs in this frictionjil 
force are the nature of the surfaces involved and 
the force pressing the surfaces together. Clutch 
efficiency is, therefore, dependent on the clutch's 
ability to transmit power from the driver to the 
driven through friction and, conversely, on its 
'ability to separate the driven from the driver and 
avoid friction. 
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ridciple 



Application of Prii 

1 . Raise an automobile with ^a bumper jack. 
Examine the ratchet-dog clutch and observe it 
as it operates in the jack. 

2. Check the operation of a coaster brake on a 
bicycle; this overrunning clutch stops the 



bicycle as increasing pressure is applied by the 
' rider's foot on the p^dal. 

3. Tuhi the tuning knob on a. radio to either the 
extreme left pr extreme right position; con- 
tinue turning the knob and note the slippage 
that occurs. (This is an application of the 
friction-clutch principle.) 

4. Check cone-clutch assemblies on engine and 
. . woodworking lathes. 

5'. Examine, disassemble, and reassemble an 
• automobile clutch assembly. Identify the 
various parts and study their functions. 

Selected References 

Note: The numbers in parentheses in this sec4j£n refer to 
entries in the list of selected references that appear within 
this publication immediately after the text. 

(4) pp. 155-56;r22/ pp. 39 1-405 ;r27/ pp. 64-66; 
(39K pp. 1^7-18; (551 PP. 38-45; r60A pp. 49-50; 
(661 pp. 104-5;r75/ pp. 356-63. 



Unit 10 - DYNAMOMETERS 



The dynamometer is a device for^determining 
the actual horsepower (hp) or torque (twisting in 
foot-pounds) that is available at the crankshaft of 
an internal-combustion engine or at the driving 
wheels of a vehicle. Dynamometers may be 
grouped as follows According to the three methods 
used to provide load : ( 1 ) the use of an electrical 
generator, using an electrical load; (2) the use of 
liquids under pressure, using a hydraulic load; and 

. JiZ)^ the .use. of a .mecbaniciil .siip.e. pj^disk ^brake^ ... . 
using a frictional load. 

For the testing of automotive-type equipment, 
the electrical-load dynamometer has proven most 
practical. This unit is constructed to measure the 
power available at the driving wheels of. the vehicle. 
Floor-mounted rollers connected to an electrical 

' generator are driven by the wheels of the vehicle. 
The voltage and amperage (wattage) output of the 
generator circuit is instrumented to indicate the » 
horsepower and torque at any given horsepower or 
engine re^lutions per minute (rpm) according to 
the formula Hp = volts X amperes ^ 746. or watts 
-r 746, 1 horsepower equaling 746 watts. 

In this testing it is necessary to take into 
consideration that the power actually measurable 
at the crankshaft of the engine would be much 
greater than at the driving wheels because of the 
power losses in the power-transmission train. 



Electrical-load dynamometers and, occasionally, 
hydraulic-load dynamometers, are available that 
couple the engine unit directly to the dynamom- 
eter for very accurate engine evaluation. 

The frictional and hydraulic-load dynamometers 
couple the crankshaft of the engine to a lever arm 
that bears on a weighing scale. The engine is placed 
under load at a given rpm by the frictional-brake 
unit or hydraulic pump while the lever is pressing 
on the scale. The torque in foot-pounds is deter- 
mined by The simple formula ^ which states that 
torque (in foot-pounds) equals lever arm length in 
feet, scale reading in pounds. Thus, //p = torque X 
'rpm of engine ^ 33M0. (The figure 33,000 comes 
from James Watt's determination, based on careful 
measurement, that a strong horse can do about^ 
33,000 foot-pounds of work per minute.) 

Scientific Principle Involved: 
Horsepower 

Work can be accomplished by sliding, rolling, 
lifting, or rotating anything having mass. Work is 
done when a force acts on matter and changes its 
motion. .A" force (energy) can be supplied by a 
natural phenomenon (such as wind) or by a 
mechanical device (such as an engine or an elec- 
trical motor). In relation to ppwer output, a force 
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must have a time factor or rate of doing work. 
Power represents a mass being displaced over a 
distance in a certain period of time. Power is a 
function of the time it takes to accomplish work 
(force X distance moved), i^or the use of science 
and industry, it has been established that a 
horsepower represents tflejifting of 33,000 pounds 
1 iToot in 1 minute. The formula is expressed as//p 
= weight in pounds X distance moved in feet ^ 
33,000 X time in minutes. 

Application of Principle 

0 

1. A simple dynamometer for small gasoline 
engines qf about 1 horsepower can be con- 
structed)^n'om a typical i2-volt automotive, 
alternator or direct-current generator with a 
regulator. A variable resistor or carbon pile of 
.1 or 1 ohrn capable of dissipating at least 
1,500 watts should be provided for the 
geherata|^ load circuit. A tachometer suitable 
to the engine should be provided with an 
accurate voltmeter and ammeter. At a given 
rpm the load should be adjusted to give a 
slight drop in voltage with a maximum 
ampere indication. 

2. A hydraulic dynamometer can be constructed 
* by driving a hydraulic pump or water pump 

with a small engine and measuring the pres- 
sure and, flow developed through an orifice at 
a given rpm. 

3. A frictional dynamometer can be constructed 
from an automobile brake and a scale. Mea- 
sure the foot-pounds of torque produced at a 
given rpm. 



4. An experimental or demonstration |^yna- 
mometer for small engines can be constmcted 
similar to the one illustrated. 

When this type of dynamometer is used, the 
engine must be started with no load^ on the 
generator. Once -the engine is operating at peak 
performance, the electrical joad is thrown into the 
circuit. The students can (a) record the voltage and 
amperage; (b) multiply these readings to detaE^ine 
the wattage output of the engine-gpnerator; and (c) 
divide this product (wattage) by 746 to determine 
the horsepower. ^ 

In one high school the students calculate the 
actual horsepower of automobiles and test the 
performance of "tuned" and "untuned" engines by 
making use of a highway going over a hill of known 
elevation. By knowing the height of the hill, the 
total weight of the vehicle, and the time re^tiired 
to accomplish this run, the students figure the total 
foot-pQUjQ^ of work accomplished per minute; by 
dividing the total foot-pounds of work per minute 
by 33,000, the students figure the average ho^'se- 
power actually developed, 

Selected References 

Note: The numbers in parentheses in this section refer to 
entries in the list of selected references that appear witftin 
this publication immediately after the text. 

(4), p. 33;(11), pp. 98-100; r20A pp ',3 7 1 -74 ;r 22/ 
pp. 54, 253-54; r26A p. 304; ^27/ p. \25;(47). pp.. 
82-83, 171-72; (66), p! 86;(76), pp. 34-37; r75j. 
pp. 52-54. 
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SECTION III 

STEAM POWER 



Unit nP- STEAM ENGINES AND TURBINES 



When water is boiled and changed into steam, 
water expands about 1,700 times. If this steam is 
collected in a closed container and is not permitted 
to expand to its full volume, the pressure (and the 
boiling temperature^ of the water) will increas^ 
When this pressure is released, it has the potential\ 
to do work. In. this way heat energy (used to boil 
the water) can be converted into mechanical 
energy. The steam can be used to drive the piston 



sets of blades, causing the^rotor to turn. The 
diameters of both the rotor and the stator are 
larger near the outlet end to allow for the 
expansion of the steam. The pitch and size of the 
blades vary throughout the length of the turbine so 
that the expansive force of the steam is used 
efficiently. 

Steam also has other valuable functions. It can 
be used to heat buildings and clean automotive or 



of a steam engine or to drive' tlie blades of k's't^m 
turbine. ^Since the generation of steam is usually 
done by'buming the fuel outside the engine, most 
^ steam engines and steam turbines are external- 
combustion engines. Wood, coal, or oil is used as 
fuel. Nuclear power plants use heat from a nuclear 
reactor to produce steam. 

The steam turbine has become one of man's 
most important sources of power. Approximately 
^80 percent of all electricity • used in the United 
States is generated by steam turbines. Many ships 
use steam turbines to drive their giant propellers. 

In a large steam turbine, the two main parts are 
the rotor and the stator. Tl^e rotor is a long shaft 
on Which are mounted wheels containing a large 
number of sets of blades. The stator, which encases 
the rotor, contains a large number of fixed nozzles. 
' Steam from the nozzles exerts pressure against the 



Slide 



Flywheel 




Exhausted 
steam 

In the steam engine of James Watt, the steam pushes 
the piston first on one end, then on the other end, so 
that there is power when the piston slides forward as 
well as when It slides backward. i 
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industrial equipment. At one time the^ steam engine 
was the source of power used in automobiles. At 
present, in an effort* to use fuel more efficiently 
and reduce smog, experiments are being conducted 
to develop a compact steam engine or turbine. that 
can serve as a source of power for the aiitompbile. 

^ Scientific Principle Inyolved: '- 
Conversion of Heat 

Whenevei^a gas. ij trapped^in a . confined con- . 
tainer and the temperature is increased, the pres- 
sure increases. This pressure can be used to apply a 
force^ ^hich can move pistons, rotate blade>, or 
provide force for other purposes. Steam engines 
and turbines are heat engines using external Com- 
bustion. They, are able to change heat energy to 
mechanical energy. 

Application of Principle | 

1 , Demonstrate that the energy of steam can 
move an object. Punch holes diagonally from 
each other near two comers of a metal (spice) 
can. (These holes should be about one-half 
inch above the bottom and just around the 

* comer on the broad surface of the can.) Put 
about two tablespoonfuls of water in the can 
and close the opening in the top. Hang the 
can by a thread. Apply heat to the bottom of 
. the can. 

2. Construct a simple steam turbine by using a 
pressure cooker or a tin qan to generate 
steam. Fasten a small tube to the pressure 
cooker outlet or outlet of the constructed 
boiler and direct the sjieam to the blades of a 




The. energy of steam can be made to move an object. 



turbine. (The turbine can consist of a few 
blades mounted on a small shaft or a squirrel- 
cage-type blower.) 

Selected References 

Nate: The numbers in parentheses in this section refer to 
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SECTION IV 

THERMAL POWER 
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.Unit 12 - HIGH-ENERGY RATE FORMING 



High-energy rate forming'has developed from an 
interesting curiosity to a metalworking reality. 
There are extensive possibilities for the application 
olf this prodess in a wide variety of industries. 
High-eneigy rate forming of metals now includes 
the operations of forming, sizing, flanging, engrav- 
ing, compacting, welding, hardening, and con- 
trolled cutting. Some of these operations are used 
commercially; others are still in the experimental 
stage. The material used in these operations may be 
in bulk, plate, sheet, or powder f6rm. There are 
four methods/ of high-energy rate forming: explo- 
sive, electrohydraulic, electromagnetic, and 
pneumatic-mechanical. 

Low and high explosives are used in explosive 
forming. Low-explosive powders do not actually 
explode but bum at a rate of several hundred feet 
per second and are accompanied by the. rapid 
evolution of gas. Expansion of the gas,' through 
either air^r some other medium, such as water or a 
hydraulic plunger, forces the blank to the contour 
of the die. Low explosives are used in a closed 
chamber. High explosives detonate in a few mil- 
lionths of' a second aftd produce shock waves 
whose magnitude is in millions of pounds per 
square inch (psi). The chargers suspended in a 
medium over the material to be formed. Ihe 



medium used to conduct the shock waves is usually 
air or water, but oil, plastics, powdered talc, and 
clay are also used^ The charge may be shaped to 
direct the shock waves to specific areas of the 
blank.- Explosive forming is used in extruding, 
forging; shearing, and blanking. Metal and ceramic 
powders have been successfully compacted by the 
technique of explosive forming. 

Electrohydraulic forming is sometimes referred 
to as hydrospark forming or electric-discharge 
forming. The discharge of an electric spark under 
water produces a shock wave with suflfkiyit energy 
to form metal parts. Forces equal to 6,000 
horsepower (hp) within 40 milliqnths of a second 
are possible at present: The equipment used in 
electrohydraulic forming consists basically of a 
high-voltage power supply, capacitors- for storing 
the charge, a discharge switch, and a coaxial 
electrode. The force can be varied by changing the 
voltage. The advantages of electrohydraulic form- 
ing over many other forming processes are greater 
safety, more precise control, and lower cost. 

Another concept in high-energy forming is 
magnetic' forming. Electrical energy produces 
magnetism which acts as the forming force. The 
magnetic pulses, lasting only six millionths of a 
second, exert pressure up to 560,000 pounds per 
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square inch. Magnetic forming has three classifica- 
tions of forming: ; compression, expansion, and 
hammer. This forming method has the distinct 
advantage of forming materiaPwithout marring or 
scratching the surface, thus eliminating further 
finishing operations.. It can perform as many as 600 
forming operations ; per houn Magnetic forming is 
used to (1) form tybing into precise and difficult 
shapes; (2) Qxpand tubing into bushings, hubs, and 
split dies; (3) swage inserts, fittings, and terminals 
into many /different parts, including rope, ^cables, 
,and other parts; and (4) cpin, shear, and blank. 

The Hyge* machine, built by Convair and used 
for pneumatic-mechanical formii^g, is actuated by 
2,000 pounds per square inch of nitrogen. When 
the compressed gas is suddenly released from its 
storage ' chamber, it drives a piston-cqlumn 
. assembly at high velocity into a liquid medium 
which acts against the blank in the die.^The 
ig^chine also has been used to extrude tungsten, 
forge ferrous and nonferrous allc^ys, and compact 
ceramic and metal powders. Advantages of 
pneumatic-mechanical forming over many other 
forming processes are the elimination of explosives 
as thea power source and the high repeatability of 
the operation. 

Scientific Principles Involved: 
Work, Power, Energy, Force 

The four methods of high-energy rate forming 
covered in this unit deal primarily with the 
scientific principles relating to energy, fore?, 
power, and work. Energy is defined as the ability 
^o do work (or the capacity forgoing work). In 
mechanics there are two forms of energy, kinetic 
and potential. Kinetic energy is energy due to the 
motion of a mass. A moving automobile, exploding 
gunpowder leav^g a shell, compressed gas released 
from a storage chamber, and an electrical charge 
leaving a capacitor all have kinetic energy. Poten- 
tial energy is stored energy. A coiled mainspring of 
a watch and a charged capacitor have potential 
energy. Force produces or prevents motion. It is 
also defined*as a push or pull. Work is done when 
force acts on matter and 'changes its motion or 
when force moves an object against an opposing 
force. Power is the rate of doing work. In 
high-energy rate forming, the work accomplished 
depends upoo the energy which produces the 
force. 

Application of Principles 
High-energy rate forming can be demonstrated 
through the use of an explosive-forming device 



which employs a .22 caliber cartridge (blank) as 
'the power source, line explosive-forming device has 
f^ur parts: frame,/ bolt, explosion, chamber, and 
die. (See the assembly drawing.) Power loads 
(cartridge-type powder charges) are available in 
various ratings: extra light, light, ipedium, heavy, 
extra heavy, and magnum. Medium loads are 
satisfactory ,for use, with sheet metals such as 
.015-inch tinplate, .030-inch a'nnealed copper, and 

- .035-inch soft aluminum^ Efficiency can be 
^ increased by pulling a vacuum in the die cavity; 

however, the unit works well enough with only^air 
relief holes in the die cavity. 

{The frame is made from* two pieces of SAE 1020 
old-finished' steel measuring 2" X 6". The 

two pieces should be clamped together during 
i drilling to maintain alignment. Four pieces of 
% -inch steel pipe are used for the frame spacers. 
The four spacers must be precisely the same length 
to prevent distortion of the frame. The top plate, 
base plate, and four spacers are assembled and 
secured with four ^#"(16NC)X5" machine 
screws. ' * 

The bolt assembly is made from a ^"(1 1 NC) X 
3" alloy steel hexagon-head cap screw. The firing 
5 pin and firing pin retainer are made from an 
oil-hardened' drill rod and both are heat-treated to 
52Rc (Rockwell). If heat-treating facilities are not 
available, parts 1 and 2 may be made from 

- heat-treated SAE 4140 steel. This material is 
^machinable and tough enough to serve the purpose 

well. The firing pin retainer also serves as the bolt 
handle. The die-centering pin at the bottom of the 
frame is a modified (16 NC) X round-head 
machine screw and keeps the die centered in the 
frame- - 

The explosion chamber is made from 1020 steel. 
Jt is important to maintain reasonable concen- 
tricity in all machined parts and to leave the 
cartridge chamber undersize for later reaming by a 
gunsmith. The die cavity is also made from 1020 
steel. The size of the air relief holes is determined 
by experimentation. 

When all pafts have been^ cpmpleted and before 
heat treatment of the firing pin and firing pin 
retainer (if a drill rod is used), the unit should be 
assembled, and the assembly should be checked by 
a qualified gunsmith. In particular he should check 
the firing pin length, check the head space, and 
ream the chamber for .22 caliber. The charge for 
this service varies, but generally is less than the cost 
"of a chambering reamer. 
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The material to be formed should be cut t^^ 
2y4-inch diameter and placed between the explo- 
sion chamber and the die. A power load should 
tiien be inserted into the chamber, this assembly 
should be placed in the frame, and the bolt should 
be turned down securely. V 

For safety tKe unit is so designed that the 
explosion chamber is recessed into a counterbore 
in the djie cavity, and the'bolt enters a counterbore 
in the explosion chamber. It is practically- impossi- 
ble to discharge a power TBad unless all parts have 
been securely and properly assembled, 
. The .power load is discharged by striking the 
firing pin sharply^ but lightly with a small hammer. 



J'he .expended -power load may be extracted with a 
6-inch piece of Vg-irich brazing rod. 

Seftctefl References 

Note: The numbers in parentheses in this iection refer to 
^ entries in the list of selected references thai appear within 
J this publication immediately aft^r the text. * ^ 

('J3l pp. 436-50; Y76A p. 91; r27A pp. 120-31;^ 
U5l pp. 1-884?:^^, pp. 1 33^5: 

Note: A 60-page book, High-Energy Rate Form- 
ing and Testing, (No. R-96), can be purchased from 
the American Machinist, Reader's Service Depart- 
ment, 330 West 42nd Street, New York, N.Y. 
10036, for $2.00. 




Caution: Place explosive-forming device 
behind wireglass screen or in-metal or 
wood container before firing. 
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Unit 13 - POWDER-ACTUATED TOOLS 



Among the most interesting of the recently 
developed tools are powder-actuated tools. Thes^ 
tools use energy from the firing of a powder charge 
to drive a fastener into cdncrete or .steel. Many 
attempts were made to use explosive energy for 
this purpose as early as the turaof the century, but 
not until 1^45 was a method developed that was 
commercially practical. Today, labor on hundreds 
of fastening jobs is greatly reduced by powder- 
actuated tools. This fnethod makes use^ of a 
stud-driving tool, a powder charge, and a fastener 
(stud). Powder-actuated tools have two prim^ 
functions. First, they set threaded studs into 
concrete and steel for fastening removable installa- 
tions. Second, they drive nail-like studs through 
materials into concrete and steel for making 
permanent installa^kJnsT 

Since powde^^tuated tools make use of the 
high-pressure gases developed by the confined 
burning of powder (nitrocellulose propellant), they 
are potentially as dangerous as any other form of 
explosive. However, improvements in these tools 
since they were first introduced have .made them 



relatively safe to operate as long as tlfe prescribed 
precautions are observed. Because safety is such ah 
important factor in operating powder-actuated 
tools, all operators must be certified before they 
'inay fire an explosive tool. To obtain a certificate, 
an operator must pass a written test on the safe 
operation and care of the tool. 
:?The first safety practice to be observed is to read 
and understand the instruction manual provided 
for the particular powder-actuated tool before 
^iittempting to operate the tool. These manuals 
^^^describe the components of the stud-driver, the 
loading and firing cycle of the tool, the parts list 
and parts numbers, the use of the extension, the 
use of the shield^ jhe proper maintenance of the 
tool, and the particular precautions to be observed. 
All of the safety precautions presented in'a manual 
are important and must be o1)served in order to 
prevent injury to the operator or to a bystander. 
Certain of these precautions t^ke precedence oyer 
others, "the general sequence of importance of 
these precautions is indicated in the safety instruc- 
tions that follow: 

l.Use a positive guide to insure alignment 
when setting a fastener through a previously 
prepared hole in steel, 
j 2. Always fire from a lully shielded jjipsition 
as protection against ricochet. 



3. an extension only when the safety 
control rod is accurately ^set to prevent 
firing at an angle. 

4. Make sure before firing that the fastener 
does not have sufficient power to^ drive 
completely through the material. 

5. Always s^t the- fastener 3 inches or more 
from the edge of -concrete. " ' 

6. Always set the fastener inch of more 
fr6m the edge of steel. 

7. Use only a factory-recommended fixture 
for any special fastening as described in the 
manufacturer's instruction manual. 

8. Allow at least 30 seconds before removing 
a tool frc^itf the work surface in the event it 
does not fire; then remove the powder 
charge and dispose of it safely. 

9. Be sure the tool is unloaded when not in 
use. If an, operator decides not to fire the 
tool, he must unload it. 

10. Never fire into cast iron, tile, high carbon 
steel, or other hard or brittle materials. 

Despite 'the m?my hundreds of applications 
performed daily by a powder-actuated tool, there 
are only a few simple basic rules that govern the 
system and make it possible for the operator to do 
good work. These rules are as follows: 

1. Know the material to be penetrated. If a 
common nail can be hammered into the 
base material, don't use a powder-actuated 
tool. 

2. Select the proper fastener , for the. job. 
Consider Only the section of the fastener - 

» that is to be imbedded under the work 
surface of the material since the section 
above the work surface oif the material will 
be determined by application requirements. 
When selecting a fastener for concrete, 
choose one that will penetrate into the 
concrete a minimum distance of eight times 
the diameter of the shank of the fastener. 

, A light-duty fastener with a shank diameter 
of %2 inch must penetrate 1 % inches; a 
heavy-duty fastener with a shank diameter 

. of % inch must penetrate 2 inches. When 
selecting a fastener for steel, remember that 
the whole point of the fastener must 
appear through the reverse side of the steel 
' plate. 
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3. When selecting a* powder charge to set a 
fastener into eitl^er steel or concrete, or 
when determining how far to insert the 
stud into the barrel, alNvays use the weakest 
powder chargeHlfcr insert, the. stua a fair 
"aistance into the barrel for the first fastea^ 
ing. Learn the color codes some manu- 
facturers have placed on the pow4er 
charges, for the different colors .designate 
powder charges of varying intensity. The 
colors should be memorized for immediate 
recognition. The power of the charge is 
indicated by the color of the wads in the 
mouth of the cartridge case as well as on 
the' box or container in which they^^^are 
packed. 

4. Know the holding power of the fastener. A 
powder-actuated tool is designed to main- 

4 



tain a balance in the relationship of the 
power of the cartridge to the length and 
' diameter of the fastener shank. If a fastener 
is selected within the proper Hmits — that 
is, eight diameters into concrete or th« 
whole point through the reverse side of 
steel - the correct holding powers will 
^ generally result. 

Scientific Principle Involved: 
Expansion of Gases 

\ The propelling force of the powder charge 
(nitrocellulose, the successor to gunpowder/black 
powder) results from the rapid burning and evolve- 
ment of hot, gases that exert a sustained forward 
force or pressure on the missile or projectile. The 
rapid conversion of the powder charge into hot 
ga^es that have a larger volume than the volume of 



In concrete 



In steel 



The powder-actuated tool (above) utilizes the energy 
fr^m a power source to set threaded studs or drive 
pins through materials into concrete or steel (USM 
Fastener- Company^ ^heltbn,^ Connecticut). . - . . ^ . _ 




Dri\f pin through 
wood into concrete 







v/zA 


7/////A 







Drive pin through 
wood into'steel 



Threaded stud 
into concrete 



Threaded stud 
into steel 




Prive pin through 
steel into steel 



Drive pin through 
steel into concrete 
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the original charge overbalances 
pressure of the surrounding matter. 



the restraining\^ 

Application of Principle 

Since the powder charge and fastener are poten- 
tiall^^'aSNdangerous as ammunition, the powder- 
acuiated tbol must be operated by a person with 
•an operator's certificate. A qualified teacher, con- 
struction worker,, or manufacturer's representative 
should demonstrate* the use of this tool. The 
explosive-forming device (referred to in Unit 12, 
"High-Energy Rate Forming") can be used to 
demonstrate the propelling force of a powder 
(Charge. 



^7 



Selected References 

Note: The numbers in parentheses in this section refer to 
entries in the list of selected references that appear within 
this publication immediately after the text. 



(161 p, 5h; ;75A 
(611 pp. 133-45. 



Article^?; (271 PP- 237-38; 



Note: Operators' manuals published by,, the 
manufacturers of Drive-it, Ramset, and Remington 
powder-actuated tools can be obtained from local 
suppliers of industrial equipment and concrete 
fasteners. . 



The caseless "power-cap" (right) Is used in a newly developed 
powder-actuated tool to drive pins and studs into concrete and steel. It 
reduces fastening-cycle time; burns cleaner, with no residue; and 
eliminates cartridge c^e ejection. It works as follows (see below): (1) 
cap in position, firing pin armed; (2) firing pin releases, squeezing cap 
against anvil; (3) heat transfer begins; and (4) cap is completely 
consumed, energy is ported 'through anvil into barrel, activating piston 
ram (USM Fastener Company, Shelton, Connecticut). 




Eight' tingles actual size 
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Unit 



AND ROCKET ENGINES 



Jet and rocket engines are internal-combustion 
engines. They operate through the application of . 
Newton's third law of motion: For every action 
there is an equal ancl opposite reaction, burned, 
'gases leave the engines with great force? The 
' opposite reaction is an equal thrust in a forward 
direction. As a result the jet or rocket engine is 
pushed (thrust) forward, carrying the plane or 
rocket with it. 

Jet and rocket engines operate identically in 
relation to Newton's law. Howeyer, they differ in 
the way their fuel is prepared for combustion. A 
jet engine sucks in air from \he atmosphere and 
mixes it with the fuel for burning. A rocket carries^ 
its own air in the form of an oxidizer and operates 
in space, where there is no atmosphere. 

The jet engine is defined further as one which 
propels itself by the same gases that convert the 
fuel's thermal energy into mechanical work — 
turning tlUe air compressor turbine. 

There are three types of jet engines using the 
same basic principles of operation: the turbojet, 
the turbofan, and the ramjet engines. They are 
described as follows: 

1. The turbojet or gas turbine engine is thought 
of as a "pure" jet engine because it most 



closely follows the abo^ description. In the 
turbojet engine, air is brought into the front 
of the engine by a compressor. The com- 
pressor forces the air into the center section 
of 'the engine, where fuel is added and ignited. 
The burning fuel increases the temperature 
and the pressure in the chamber. Ine gase^, 
therefore, exert a heavy force in all directions. 
The compfessor prevents the gas from es^p- 
ing out the front. As the gas escapes dut the 
rear, it drives a turbine. The only, function- of 
the turbine is to drive the compressor. As the^ 
gases escape out the exhaust, n forward puSh 
is given to the engine. This push* i^^^jtted 
J thrust, which is measured in pounds. Tqrust 
is, therefore, the forward push (force) result- 
' ing from the pressure in the combustion 
chamber. In the turboprop engine the com-^ 
bustion gas turns- a propeller as well as a 
compressor. Propulsion power in this' case 
comes from'the propeller: The exhaustii^g gas,, 
depleted of most of its energy in gloating 
the prop and the turbine, adds little thAst to 
the turboprop engine. 

2. The turbofan engine\ one of the most widely 
used engines, modifies the operation of the 
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A steam catapult is used to launch a jet aircraft from the USS Coral Sea (U.S. Navy photograph). 
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turbojet engine. The turbofan engine is able 
to process greater quantities of air, provide 
increased thrust, and . operate at lower 
temperatures. This improvement is accom- 
plished by providing, a bypass around the 
combustion chamber- for a portion of the 
incoming air. This air is shunted to th^rear of 
the engine, where it combines with the heated 
gases. The mixing of the gases makes more 
efficient use of the available heat, producing 
greater thrust. ^ , 
3. The ramjet engine does not even use a 
' compressor, has no moving parts, and requires 
I high speed'-befoje it can operate; it cannot be 
started from resl. The forward motion of the 
engine brings/in the air. The shape of the 
combiiS^ioij/Thamber prevents the air already 
in the chamber frOm being compressed by the 
incorning air. Fqel is added and ignited, and 
thrust is produced in the same ntannefras in 
the turbojet engine. The incoming rush of air 
prevents the forward exhaust ^of the^bumed 
gas. At high speeds the ramjet engine is more 
efficient and trouble free than the /turbojet 
engine; however, the ramjet engine cannot be 
used when the plane is standing still or is 
traveling at slow speeds. Future jet engines 
may take ' advantage of both turbojet and 
ramjet features. A combination engine called 
a turboramjet engine has been proposed. It 
would take off and operate as a turbojet 
engine. When sufficient speed is reached, it 
would operate as a ramjet. 

The rocket engine uses the same principles of 
operation which control the jet engine. However, it 
operates . ind^pen(Jei)t of air, carrying a supply of 
both fuel, and oxidizer. Since the "reaction prin- 
ciple" of motion does not require atmosphere, the 
rocket engine operates ^effectively in space. In 
operation, oxidizer and fuel are ignited in a 
combustion chamber. The resulting gases are 
heated^ to a very high temperature, producing a 
high pressure. As the gases escape from the rear of 
the engine, a strong forward thrust propels the 
rocket. 

The same principle of operation that is applied 
to the turboprop engines of planes can be applied 

4o gas turbine engines in automobiles. In these 
engines nearly all of the force of the escaping gas is 

'^goifbed by th^urbine. The turbine serves a dual 
function. Part p? the energy is Used to drive the 
compressor bringing in the air needed for combus- 
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tion. However, the larger portion of the energy is 
used to rotate the airplane propeller when the 
turboprop engme is used or to rotate the wheels of 
the automobile when the gas turbine is used. 

Scientific Principle Involved: 
^ Newtdii's Laws 

* Gas confined within a container exerts pressure 
equally in every direction. As long as the container 
is sealed, the forces resulting from the pressure are 
in balance. If the pressure is relieved at any point, 
however, the force at that. point will drop. As a 
result the force opposite the reduced force will 
cause movement or apply an unbalanced force in a 
direction opposite that of the relieved pressure, 
this same principle can be identified in a different 
manner: for every action there is an equal and 
opposite reaction. In the case of gas pressure, relief 
of the pressure (by opening the chamber at that 
point, exhausting the gas) produces an opposite 
and equal reaction. The reaction is a push away 
from the point at which the pressure is released. 

Application of Principle 

1. Newton's third law of motion (for every 
action there is an equal and opposite reaction) 
can be demonstrated by filling a toy balloon 
with air and releasing the balloon. The bal- 
loon goes forward (reaction) with a force 
equal and opposite to the force of the 
escaping air. 

2. The principle of jet and rocket propulsion can 
be taught by constructing a small rocket, 
using a CO2 cartridge as the engine. The 
rocket can be operated on a string on the 
school grounds. The most important consider- 
ation for a good flight is tp get a hole 
punched in the cartridge and the rocket 
released before much of the CO2 escapes. 

3. The thrust of a CO2 cartridge can Be 
measured by attaching the * cartridge to a 

*l>ipvcle wheel and checking the movement of 
thewi-veefwiTh a dynamometer. 
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Unit 15 - GASOLINE TESTING 



Two tests used in comparing the pow^r of 
gasolines are the Full Load Power Test and the 
Fixed RPM Power Test. The units used in the 
measurement are foot-pounds of torque (fpt). 

A single-cyclinder engine is generally used in 
testing the power of gasolines. The engine fuel- 
supply system must be equipped with a quick- 
change system, which can be made by fitting the 
fuel line with a glass jar lid in a way that will 
permit the person performing the test to rapidly 
interchange jars containing samples of different 
gasolines. 

The engine is equipped with a tachometer, and 
the load is applied by a dynamometer. Readings of 
the revolutions per minute (from- the tachometer) 
and foot-pounds of torque (from the dynamome- 
ter) are made and recorded for each sample of 
gasoline for full load power and fixed rpm power. 

Directions for performing the tests are as 
follows: 

1 . Full Load Power Test. Adjust the throttle and 
dynamometer until maximum readings for 
both rpm and fpt are observed. Record these 
readings. 

2. Fixed RPM Power Test. Adjust the throttle to, 
maintain 2,000 rpm while increasing the load 
on the engine with the dynamometer. Record 
the highest fpt reading which can be obtained 
without dropping below 2,000 rpiTi- 

Today's best gasoline engines reach an efficiency/*^ 
of 25 to 30 percent. Higher efficiency of the! 
engine is obtained by increasing the pressure! 
(compression) of the fuel-air mixture in the cylin- 
der just before it is ignited. However, high com- 
pression raises someKiifficult practical problems, 
such as making pistons and valves fit perfectly,. 
Also, when the pressure on the gasoline vapor is 
suddenly increased by the compression of a piston, 
the gas gets hot. In fact, under high compression 

, the fuel mixture gets hot enough to explode before 
the spark ignites, causing engines to knock. Chem- 
ists have developed a gasoline that can be highly 
compressed .without exploding too soon. High- 
octane gasoline is highly resistant to knock; low- 
octane fuel knocks easily. A gasoline is^ated by 

' the use of an octane-rating number (ONR). Iso- 
octane is given a rating of 100 because it is very 
resistant to knocking. Another fuel, heptane, is 
given a rating, of zero because it knocks easily. A 
mixture of half iso-octane and half heptane (by 



volume) has a rating of 50. Iso-octane and heptane 
are reference fuels used to test and rate unknown 
fuels. 

Scientific Principle Involved: 
Conversion of Energy 

Gasoline (chemical energy) is useful as a fuel for 
internal-combustion engines because it is easily 
evaporated and very flammable. A mixture of 
gasoline vapor and air provided by the carburetor 
enters the cylinder, the piston moves up to 
compress it, and an electric spark ignites the 
compressed mixture. The burning is a fast chemrical 
reaction that produces carbon dioxide (CO2), 
water vapor, and a large amount of heat (heat 
energy). The heat produced expands the CO2 and 
water vapor, forcing the piston down. The down- 
ward movement of the piston (mechanical energy) 
turns the crankshaft. 

The dynamometer makes use of friction to 
measure the torque (twisting rotational force) 
produced by an engine. Force is a push or a pull 
which tends to produce movement. Friction is the 
resistance to movement which is observed when 
two surfaces make contact. 

Application of Principle 

1. Samples of various grades and brands of 
gasoline should be Riven the Full Load Power 
Test and the Fixed RPM Power Test. The 
recorded reading. hould be compared to 
determine what significant differences of 
power have been demonstrated, ^nd the vari- 
ous differences in automobile engine design 
and conditions which affect its fuel require- 
ments should be discussed. Some of the 
factors which should be in the discussion are 
compression ratios, carburetors, gasoline 
octane ratings, spark coils, capacitors, dis- 
tributor points, spark plugs, and ignition 
wires. Note: Poisonous carbon monoxide is 
present in thi exhaust gases of a runnmg 
engine. Good ventilation is a '*must'' to 
prevent carbon monoxide poisoning whenever : 
an engine is beFng operated indoors. 
2. A fraction^ing tower can be assembled to 
distill petroleum. Note: It is unsafe to heat 
petroleum with an open flame above 75 
degrees C. Rubber tubes must be connected 
from the fractionating tower to the collecting, 
bottles. Petroleum warmed to 40 degrees C. 
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Hexane gasoline 
To collecting bottles 
Petane gasoline 



Petroleum 



will produce a vapor >^hat when condensed 
will be pentane gasoline; to 75 degrees C, 
hexane gasoline. 
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Unit 16 - CARBURETION 



Most American internal-combustion engines use 
gasoline as fuel. Gasoline is obtained from petro- 
leum and is composed primarily of hydrogen and 
carbon compounds. By the mixture ^ of correct 
amounts of gasoline and air and the ignition of this 
mixture in an engine, power is produced to drive a 
vehicle. The mixing of gasoline and air in con- 
trolled amounts is known as caiburetion. The 
device on automobiles and other units driven by 
internal-combustion engines that performs this 
function is called' a carburetor. The carburetor 
performs several specialized functions. The nam§s 
and- brief, descriptions, of these .functions,>flffe as 
follows: 

1. Float circuit. The major function of the float 
circuit is to keep the bowl filled with gasoline. 
As the leyel of gasoline approaches full, the 
float rises'and cuts off the ingress feed; when 
the float drops, the valve is opened, allowing 
the ingress feed to open. 

2. Idle and low^-speed circuit. JThis circuit oper- 
ates when the throttle is^;losed or nearly 
closed. At this time only a small amount of 
air can flow through the carburetor air horn 
(air intake), causing a limited mixture to be 
supplied to the engine. 

3. High-speed, part-load circuit. As the throttle 
is opened for high speed, it moves past the 
low-speed port in the carburetor and allows 
air to pass the air horn in a sufficient quantity 
to furnish a mixture adequate for the 
demanding conditions. 

4. Jfiigh-speed, full-power circuit. This circuit is 
designed to do what its title suggests. The 
mixture supplied is satisfactory for engine 



operation from partly open to nearly wide- 
open throttle. When the throttle is opened 
wide^ a metering rod and jet assembly allow 
more gasoline to pass a point and provide an 
enriched mixture. 

5. Accelerating pump circuit. This circuit c^es 
the engine through the closed throttle to 
open-throttle transition period. The transition 
period is ofter referred to as a "flat spot" in 
engine performance. 

6. Choke circuit. This circuit is designed to cause 
the carburetor to deliver great amounts of 
fuel for starting when the ^engine is cold. The 
circuit can be cbntroUed electfically, thermo- 
staticaUy, or manually. 

A great deal of air passes through the carburetor 
and engine. Air is likely to contain a great amount 
of dust and grit. These impurities, if they entered 
the engine, could cause ^rious engine damage. All 
air entering the engine through the carburetor must 
first pass through an air cleaner. Air cleaners 
contain filt&r material (fine-mesh metal threads or 
ribbons, special paper, cellulose fiber, or poly- 
urethane) or oil reservoirs to remove dust and grit 
from tjie incoming air. 

Scientific Principle Involved: 
Bernoulli's Principle 

When a fluid is undergoing a change in velocity, 
the pressure, measured at right angles to the 
direction of flow, is lowest at the point of highest 
velocity. A venturi is built in the air tube leading to 
the jets in a carburetor. The air moves through the 
venturi, causing a low pressure as it reaches the 
area of the tube, where the diameter is less 
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Idle-adjustnient needle 



L Hi^^speed adjustment needle 
High-^peed adjustment spring 



Choke shaft 



Choke valve 




Choke-valve ball o 

Choke-shaft spring 

Needle and seat 



Float-lever pin 



Return spring 



Throttle valve 



Throttle shaft 



— Bowl nut 



The illustration presented above gives an exploded view of the carburetor used in the three-wheel 
Cushman truckster and haulster (Cushman Motors, Lincoln, Nebraska). 
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High speed 
Lower pressure 



Low speed 
Higher pressure^^ 



Low speed 
Higher pressure 



Needle valve 
Venturi 




Idle valve ' 
Choke butterfly 




Gasket 



The venturi (left) is a conrtricted tube which causes the velocity of the air to increase and the pressure to 
decrease. A carburetor (right) illustrates the use of the venturi (Briggs & Stratton Corp., Milwaukee, Wisconsin). 



(constricted). The air pressure in the liquid con- 
tainer (bowl) forces the gas to flow into the tube 
and mix with the ab, where it becomes atomized. 

Application of Principle 

1. Small, single-cylinder engines lend themselves 
well to experimentation involving the degree 
of combustion efficiency and its effect on the 
engine's operating conditions. Students can 
vary (a) the throttle-valve setting; (b)the 
choke-valve setting; and (c) the mixture 
setting, /hey can then observe the results in 
smoothness of operation speed and the quan- 
tity and color of exhaust smoke. 



2. Students can construct a miniature wind 
tunnel to measure static and dynamic pres- 
sures in the venturi. 
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- TWO^AND FOUR-CYCLE ENGINES 



Unit 17 

The source of power for internal-combustion, 
reciprocating engines is heat-formed by the burning 
of a combustil51e mixture of petroleum products 
and au-. In a reciprocating engine this burning takes 
place in one or more closed cylinders, each 
containing a piston. Ekpansion resulting from the 
heat of combustion applies pressure on the piston. 
This pressure forces the piston down, turning a 
shaft by means of a crank and a connecting rod. 

In the gasoline engine^ the fuel is ignited by a 
spark; in the diesel engine, by the heat of com- 
pression. The series of events that takes place to 
run the engine may occur in one revolution of the 
crankshaft (two-stroke cycle) or in two revolutions 
of the crankshaft (four-stroke cycle). The operat- 
ing cycle consists of the following parts: 

1 . Intake. The mixture of fuel and air is drawn 
or forced into the cylinder by reducing the 



cylinder pressure to less than atmospheric 
pressure or by applying an initial, higher 
pressure to the fuel charge. 

2. Compression. The mixture is reduced in 
volume, or compressed. 

3. Power. The mixture is ignited by a timed 
electric spark (gasoline engine) or by the heat 
of compression (diesel engine). The burning 
fuel-air mixture expands, forcing the piston 
down and thus converting the generated * 
chemical energy into mechanical energy. 

A. Exhaust. The burned gases are exhausted 
from the cylinder so that a new cycle can 
begin. 

The diesel engine differs from the gasoline 
engine in th^t 'in the diesel engine air alone is 
drawn into the cylinder during the intake stroke 
and is then compressed to a much higher degree. 
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The air is heated by compression. Instead of an 
electric spark, a finely atomized charge of fuel is 
injected into the combustion chamber, where it 
combines with the heated air, causing ignition. The 
power and exhaust strokes are almost identical to 
those of the gasoline engine. 

Each movement of the piston from top dead 
center (TDC) to bottom dead center (BDC) is 
referred to as a. stroke. Thus, for every two strokes 
of the piston, the crankshaft makes one complete 
revolution, meaning that there will be two.revolu- 
tions of the crankshaft for each complete four- 
stroke cycle (intake, compression, power, and 




Intake Compression 




0^ 



Power Exhaust 



The four-stroke cyde of an internal-combustion engine 

takei two revolutions of the 

crankshaft 



Direction of rotation 




Difiection of rotation 




The two-stroke cycle of an mtemal-combu^ion 
engine takes one revolution of the 
crankshaft. 



exhaust). For the purpose of intake and exhaust, 
valves are installed in the combustion chamber. 
The opening and closing of the valves must be 
synchronized with the movement of the piston on 
appropriate strokes. 

In a two-stroke-cycle engine, the four events 
take place in two strokes of the piston or one 
revolution of the crankshaft. Thus,' a compressed 
fuel charge is fired each time a piston reaches TDC; 
each downward ^stroke is a power stroke. The 
incoming fuel-air mixture must be somewhat 
higher in pressure than the lowest pressure existing 
in the cylinder. The piston is used as an air pump 
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for this purpose; the engines are called "crankcase- 
scavenged." 

Scientific Principle Involved: 
Expansion of Gases 

A very important principle in the operation of 
the two- or four- cycle engine is the expansion of 
gases or the conversion of chemical energy to heat 
energy to mechanical energy. Energy is defined as 
the capacity to do work. The energy is stored in 
the molecules of gasoline. When the fuel is ignited, 
energy is released and produces heat, which^ 
increases the pressure of the gases above the piston. 
The piston is pushed down in the cylinder. The 
downward movement of the piston turns the 
crankshaft. 

Application of Principle 

1 . Have students do as follows: 
a. Disassemble and assemble two- and four- 
cycle engines. 



b. Draw on engine sChjtmatics (provided by 
teacher) the flow of air-fuel and exhaust on 
each of the engine types. > * 

^ c. Identify valves, ports, pistons, rods, and 
other intemiil partly. , 

d. Determine thfe firing order of an engine. . 

e. Find the compression' ratio of an engine by 
using actual measurements. 

f. Determine engine displacem^it by measur- 
ing the bore and stroke. 

2. Calculate actual pressure ojjytlie top of 
piston as a result of the exptfnding gases. 

Selected References 
Note: The numbers in parentheses in this section refer to 
entries in the Hst of selected references that appear within 
this publication immediately after the text. 

(4K pp. 27-29; (13K pp. 464-66; (22K pp. 38^8 
(26K pp. 1 13-18;r27A pp. 27U12- (36), pp. 19-20 
(56K pp. 3'\2',(66K pp. 17-19; r67A pp. 17-20 
(69K Chapter ^, pp. 7-22; (72), pp. 4-31; ^751 
Chapter 4, pp. 1-12. 
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Unit 18 - WANKEL ENGINES 



The recently develope,d Wankel internal- 
combustion engine is relatively small, lightweight, 
and inexpensive to manufacture. It*is extremely 
versatile: there is almost no limit on compression 
ratio, niaximum revolutions per minute, type of 
fuel feed, and method of cooling. The Wankel 
engine is capable of running at high speeds for long' 
periods of time. It is very successful in cutting 
down friction by a reduction in the number of 
moving parts. 

As the rotor "piston" of the Wankel engine 
turns, it forms chambers between the three sides of 
the rotor and the wall of the housing. The shape, 
size, and position of the chambers are constantly 
being altered by the rotor's rotation. Cycles of 
intake, compression, power, and exhajust are going 
on simultaneously around the rotor when the 
engine is running. There are three power impulses 
for each rotor revolution. . = 

As the rotor opens the intake port, which has no 
speed-restricting valve mechanism, the fuel-air mix- 
ture is drawn in. The rotor continues turning, 
closing the intake port by passing beyond it. Then 
the compres^on begins, followed by ignition) 



combustion, and expansion for the power strqke 
until the exhaust port is uncovered. The exhaust 
cycle then takes , place, again with no speed- 
restricting valve mechanism. The entire operation 
cycle is thus completed. 




Expansion 



Exhaust 



During the combustion cydeT the rotor of the Wankel 
engine turns and forms chamben between the three 
sides of 'the rotor and the wall of the housing 
(Curtiss-Wright Corp.). 




The new Wankel marine engine uses twin rotors 
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Scientific Principle Involved: 
Movement o^ Inertia 

A body continues in its state of rest or uniform 
motion unless an unbalanced force acts on it 
(Newton's first law of'motion). A wheel mounted 
on an axle will not start to rotate unless a torque is 
' applied to the wheel. A wl^eel which is spinning 
will continue to spin at constant angular velocity 
unless a torque acts on it. In both cases the wheel 
is in equilibrium. Thus, Newton's first law of 
motion also applies to rotary motion. 

A rotating flywheel helps maintain a constant 
angular velocity of the crankshaft of a Wankel or 
/Conventional internal-combustion engine. The 
Xmetrnent qf inertia of a flywheel is large. Torques 
atoti^^ do not produce rapid changes in its 
angular m^entum. As the torque from the 
combustion in each chamber or cylinder tends to 
accelerate the crankshaft, the flywheel provides a 
torque which resists this action. But as the torques 
from each chamber or cylinder where compression 
is occurring tend to decelerate the crankshaft, the 



flywheel provides a torque which resists this action 
also. The flywheel tends to maintain a uniform rate 
of crankshaft rotation. 

J 

Application of Principle ^ 

The Wankel engine, which has not been adopted 
for use in any American vehicle, is being used in 
NSU sports cars and marine engines manufactured 
ifl^Germany. Several companies have been licens^ 
to manufacture the engine, including Curtiss- 
Wright in the United States,, Daimler-Benz and 
others in Germany, Perkms in England, and Kogyo 
in Japan. Most of these companies will provide 
drawings and photographs on request. 

Selected Referenqes 

Note: The numbers in parentheses in this section refer to 
entries in the Ust of selected references that appear within 
this publication immediately after the text. 
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Unit 19 - THERMOSTATS 



A thermostat is a device that is used to control 
temperature. It responds directly to a change in 
temperature and is usually set so that it maintains a 
desired temperature level. Most thermostats are 
used to open or close electrical circuits or to 
control the flow of liquids or gases. 

Thermostats are used in the home to control the 
temperatures of heating systems, air conditioners, 
-refrigerators, electric irons, stove ovens, and elec- 
tric blankets. In the automobile a thermostat 
restricts the flow of the coolant in the radiator 
until the correct temperature of the engine is 
reached. The automobile heater, as well as the 
refrigeration system, uses the t-hermostat as a 
temperature-control device. 

One of the most common thermostats uses a 
bimetaUic strip that operates on the expansion and 
contraction of two different metals. When the 
temperature changes, the two metals expand or 
contract unequally. This causes the bimetallic strip 
to bend in the form of an arc. The bending of the 
strip can be used to open or close a circuit. 

In a home-heating system the thermostat is set 
to open or close the circuit controlling the valve 



that turns the heater on or off at the desired 
temperature. A similar unit is used in t|ie electric 
iron so that the circuit is broken and the iron is 
shut off when the proper temperature is reached. If 
the iron becomes too cool; the thermostat closes 
the electrical circuit and the iron heats up again. 

In the automobile engine the thermostat is 
placed in the top of the block tp^close off the flow 
of coolant when the engi^STTs cold. This closure 
causes the engine to leSch operating temperature 
more quickly. The thermostat operates a valve so 
that, when the engine warms the coolant to the set 
temperature of the thermostat, the valve opens to 
pentiit normal circulation. Coolant thermostats are 
of various types wliich normally use the expansion 
of a liquid or wax to controKthe engine tempera- 
ture. One type, called a bellows thermostat, con- 
tains a liquid that evaporates with increasing 
temperature and causes the pressure inside the 
bellow^ to expand and push the valve open. 
Anotner type, called a butterfly thermostat, uses a 
wax pellet* which also expands with increasing 
temperature to open the valve to permit the 
coolant to flow through the radiator. 
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Scientific Principle Involved: 
' Thermal Expansion. 

, Heat is the kinetic energy of randomly moving 
molecules. Adding heat to a substance causes the 
molecules to move more rapidly and produce a 
greater tendency for the molecules to overcome 
their mutual attracting forces and to move farther-^ 
apart. Different solids have individual rates of 
expansion and^ different melting points because 
they are composed of unrelated molecules which 
are bonded together in different ways. Liquids also 
have various exp^sion rates and boiling points; 
but liquids in general expand more than solids 
under the same clfanges in temperature since liquid 
molecules move rnore freely. The molecules of 
gases are so far apart and free to move that the 
thermal expansion rates for gases are many times 

greater than those for liquids or solids. 

■V g 

Thermostatic oontrols in the form of spiral 
springs, such as t^ose used to actuate the heat-riser 
valve in thelutomobile exhaust system, depend on 
the expansion of the metal in the coil to relax the 
tension of the spring. 

4 

Since brass expands about twice as much as 
steel, bimetallic bars made of these inexpensive 
metals, bonded together, make sensitive thermo- 
static controls which can also conduct electricity 
and withstand high temperatures. 

Bimetallic 

^ strip _ , ^ 



Contact spring - 



"\ Contact 
points 



(2) 
Bimetallic 
strip 



Gases and vapors are particularly useful in thermo- 
stats because their molecules, which are uniformly 
distributed, exert their pressure equally in all 
directions to all parts of the sealed corftainer. 

Application of Principle 



Contact spring - 



k\ Contact 
^ points 



1. Secure one or more thermostats from auto-* 
mobiles, a container for boiling water, . a 
thermometer, and a heat source. Suspend the 
thermostat and thermometer in the container 
of water and increase the temperature of the 
water. Note the aiction of the thermostat as 
the temperature of the water approaches the 
temperature stamped on the thermostat. 
Record the temperature at whicl^the thermo- 
stat begins to open, continue to observe the 
action of the thermostat, and record the 
temperature at which it is fully open. Discuss 
the thermostat as' a means of control in the 
cooHng system of the internal-combustion 
engine. 

2. Conduct the same type of experiment by 
using the spiral spring found on the heat riser 
in the exhaust system of the automotive-type 
internal-combustion engine. Note that the 
application of heat to this spring will cause it 
to actuate the control valve, an action that 
can be readily observed when heating the 
spiral spring in the automiatic choke on a 
carburetor. Qbserve that when heat is applied 
to this spring, the choke valve moves from the . 
closed to the open position. 

.\ 

3. Note other applications of thermostats in 
electric irons, circuit breakers, and many 
other heat-controlled appliances. Obtain the 
thermostat from an electric iron orl circuit 
breaker from an automobile electrical system 
and either connect these units into an elec- 
trical circuit with a sufficient load to actuate 
them or apply heat directly and observe their 
action. 



The two different metals in the thermostat expand 
unequally when the temperature rises, causing the 
closed contact points (1) to open (2). 

Thermostatic controls which operate on the 
principle of thermal expansion of liquids and gases 
are generally more sensitive than those dependent 
on solids because of their high expansion rates. 
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Unit 20 - WELDING PROCESSES 



Welding is the process of joining metal parts by 
directing heat to melt and fuse parts together. 
When heat alone is used, the operation is called 
fusion welding. In some welding processes pressure 
is used to help join the metals. Many welds require . 
that extra metal be added to the weld by melting a 
metal rod into the molten puddle. 

Industry uses welding to fasten parts together 
permanently and to make repairs on broken 
^ equipment. Many buildings, bridges, and ships are 
fabricated by welding. The automobile has parts 
that are welded together; in "tooling up" for an 
automobile, the manufacturer spends considerable 
time in arranging for special welding equipment to 
fabricate many of its parts. As a means of 
fabrication, welding has proven fast, dependable, 
and flexible. It has made possible the simplification 
of design and the elimination of costly machining 
processes. The three most common methods of 
welding are gas, arc, and resistance welding. 

Gas welding is accomplished by mixing oxygen 
and acetylene in the body of a welding torch and 
then lighting the gaseous ^mixture at the tip. The 
oxygen-acetylene flame produces a temperature of 
6,300 degrees F. After properly adjusting the 
flame, the welder heats the metal part by holding 
the flame near the metal until a molten puddle 
forms. Then he applies, the welding rod to build up 
the weld. One of the advantages of gas-welding 
equipment is that through the use of a special 
torch the flame can be used to cut metals. 

In arc welding the electric power comes from 
either an electric generator or a transformer. One 
cable from the source of power is connected to the 
metal objects to be w51ded, and the other is 
connected to the holder that clamps the electrode. 
The welder strikes an arc by touching the metal 
part to be welded with the electrode. The arc 
produces a temperature of about 9,000 degrees F. 
The operator feeds the electrode into the joint, 
:: forming a bead as it is moved along the surface. 

Spot welding, which is usually a method of 
resistance welding, is employed a great deal in 
industry to join sheet-metal parts. The pieces of 
metal are placed together and clamped under 
pressure between the tips of two electrodes. A 
large amount of current passes between the elec- 
trodes and fuses the metal pieces together at the 
point where the current passes through the metal. 

Brazing, involving the use of gas-welding equip- 
ment, is not considered a method of welding. It is 



called hard soldering since the piece to be brazed is 
not melted. Instead, the brazing rod is melted into 
the edges of the pieces to be joined. This process is 
used in repairing broken parts because there is very 
little danger that any of the original parts will be 
damaged. 

Safety Instructions 

1. Obtain permission from your teacher before 
using welding equipment. 

2. Make sure you have ample ventilation. 

3. Be sure that you wear welding goggles while 
using oxygen-acetylene welding equipment. 
All assistants and observers must also wear 
welding goggles. 

4. Wear a helmet with a proper observation 
window, a pair of treated gauntlet gloves, and 
a treated leather aproq while using electric 
welding equipment. All assistants and observ- 
ers must also wear this equipment. 

' 5. Keep your sleeves and pants cuffs rolled down 
and wear a leather jacket while using electric 
welding equipment. 
6. Make sure that welding equipment is working 
properiy and that it is used correctly. 

Scientific Principle Involved: 
Kinetic Molecular Theory 

Heat is the kinetic energy of moving molecules. 
Chemical energy released on the burning of acely-. 
lene in the ox^acetylene torch is the source of 
energy used in gas welding. In the electrical-arc 
weld, the heat energy is produced by the acceler- 
ation of electrons and ions in the electrical field; in 
the resistance weld the heat is due to the resistance 
to^ the movement of electrons in the metal. The 
purpose of using heat in welding is to increase the 
temperature of the metals to the point where the 
kinetic energies of the molecules and atoms of the 
metals are sufficient to break the bonds which hold 
these particles together in the crystalline structure 
of the solid. When these bonds are broken, the 
metal fuses and the particles move more freely in 
the liquid state. On cooling, the particles lose 
kinetic energy and resume relatively fixed positions 
in the solid state. "When these effects occur on the 
local heating of pieces of metal held clpsely 
together, as in spot or seam welding, the result is a 
strong, solid bond without the addition of more 
metal. Addition of molten metal, such as in gas and 
arc welding, allows bonds to form between the 
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added metal and the fused metal from the surfatJe 
being welded. The molten metal flows into small . 
spaces between the metal surfaces by capillary 
action caused by intermblecular forces of cohesion. 

In brazing, a different metal with a lower 
melting point is used as the bonding material. The • 
metals to be brazed are preheated (but not to the 
melting point) in order to increase the molecular 
motion, which promotes better penetration of the 
molecules of the solid metal surfaces by the 
molecules of the molten metal. The bonds in solids 
between unlike molecules (adhesion) can be as 
strong as or stronger than the bonds between like 
molecules (cohesion). The molten metal used in" 
brazing flows into the small spacing between the 
metal pieces by capillary action, which is due both' 
to the strong attraction (adhesion) between the 
molten metal and the solid metal surface and to 
the high surface tension (cohesion) of the molten 
metal. 

Application of Principle 

l.The most effective approach to the applicaT 
tion of welding and brazing is to learn the 
basic technical information and acquire the 



skills involved in the welding and brazing 
process, • ^ 

2, A demonstration of both the gas- and arc- 
welding processes should include the setup 
and adjustments necessary for each particular 
welding operation. 

3. An aid which will allow the development of 
the necessary manipulative skills without the 
actual use of electrodes, -welding or brazing 
rods, or oxygen and acetylene is a 1-inch 
dowel or stick approximately 14 to 16 inches 
in length. A hole is drilled in which an 

-ordinary graphite pencil will fit snugly. The 
hole should be at an angle which approxi- 
mates the position of the welding torch, or 
electrode. By an adjustment of the length of 
the pencil to correspond to either a torch or 
an electrode, the b^sic patterns and strokes 
may be practiced oif^a piece of paper. 

Selected References 

Note: The numbers in parentheses in this section refer to 
entries in the list of selected references that appear within 
this publication immediately after the text 
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Unit 21 - DRY CELLS: PRIMARY CELLS 



One of the most common sources of electro- 
chemical energy is the dry cell (primary cell). 
Electrical devices such as flashlights^ portable 
radios, and warning 'flashers on the highways are 
usually powered by dry cells, which are convenient 
and flexible power suppliers. Regardless of- size a 
zinc-carbon single dry cell produces 1.5 volts of 
direct current (DC). The cell is most often made 
from (l)zinc, which is one of the electrodes and 
serves as the shell or container; (2)'a carbon rod, 
which is the other electrode and extends through 
the center of the cell; and (3) an ammonium 
chloride paste, which is the electrolyte. The top of 
the cell is sealed to prevent evaporation of the 
moisture in the electrolyte, and the zinc shell is 
usually encased jp^|eel or heavy paper. Proper care 
and intermitjtfjil: tise extends the life of this source 
of electrical 

In recent yjja^^The dry cell has been improved. 
' One of these "^improvements is the so-called mer- 
cury cell. The hegative electrode of this cell is 
made of an amalgam of • powdered zmc and 
mercury, pressed into shape. The depolarizer is 
composed of mercuric oxide and graphite powder. 
The zmc-mercury amalgam cuts down local action, 
and the graphite helps reduce the internal resis- 
tance of the cell. Mercury cells j^e a considerably 



longer life than the ordinary zinc-carbon-ammo 
nium chloride dry ^elL 

Scientific Principle Involved : 
Conversion of Energy 

The dry. celL produces an electric current by 
converting chemical energy into electrical energy. 
The conventional dry cell coi)sists of a negative 
electrode (^mc case) and a positive electrode 
(carboii iod). Electrons must pas? from the nega- 
tive to '*he positive electrode (external circuit) 
before electrical energy is produced. A chemical 
substance (ammonium chloride) in'^the zinc con- 
tainer reacts with the zinc, formmg zinc ions and 
liberating electrons. This reaction is very slight 
untiH the positive and negative electrodes are 
connected together in a circuit. When the circuit 
Ivas been completed, 5the chemical reaction 
increases, and the electrons steadily moveirom the 
negative to the positive electrode through the 
external circuit. At this time hydrogen bubbles 
attempt to form a coating on the carbon electrode. 
Another chemical (manganese dioxide) is provided 
. to dispose of these hydrogen bubbles in order that 
the chemical reaction may continue. The move- 
ment of electrons will continue until most of the 
zmc is consumed by the reaction. 
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A cross-sectional view of a zinc-carbon-ammonium 
chloride dry cell shows the components (Natiortal 
Carbon Company, Inc.). 



Application of Principle 

Fresh dry cells and cells that are in .various 
states of deterioration can be given an approx- 
imate test by cbnnecting them in a circuits 
with a 1 .5-volt light bulb and observing the 
intensity of the light. A more accurate test 
can b& made with a battery tester which 
measures volts and amperes. Zinc-carbon cells, 




regardless of their size, deliver 1.5 volts. 
However, larger celk deliver more current. A 
fresh No. 6 dry cell delivers about 25 
amper^, a penlight cell about three amperes. 
The ammeter J^st should be made only when 
necessary, and then as quickly as^possible, 
because the drain of the current reduces the 
life of the cell. Note: Deteriorated cells are 
likely to expand or leak. They should be 
removed from flashlights and other devices. 
When dry-cell-powered equipment is stored, 
the batteries should be removed. A dry cell 
should be put into use before the expiration 
date that is stamped oh the label. 

2. The chemical action of a supposedly dead cell 
may be restored temporarily by punching a 
number of holes in the case arid letting it 

^^^stand in water for a short time. However, .cells 
restored in this manner are of little practical 
use because they are only partially restored, 
their life is short, and thdy leak. 

3. Dry cells in various states of deterioratiqa 
may be displayed, attention being directed ta 
swelling, perforation of the container, and 
corrosion. Cells may be cut in half* to show 
their internal structure. 
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- STORAGE BATTERIES: SECONDARY CELLS 



Unit 22 

The storage battery is an electrochemical device 
for converting chemical energy into electrical 
energy, it consists of a number of storage cells 
connectedjun series. A storage cell is a secondary or 
voltaic cell that can be restored or recharged 
repeatedly. Storage cells of three types are now in 
general use: the lead-acid cell, the Edison cell, and 
the nickel-cadmium cell. The lead-acid storage cell, 
used in the batteries of automobiles, airplanes, 
trucks, motorcycles, and other equipment requir- 
ing a portable source of electrical energy, is by far 
the most widely used type. The electromotive 



force (emO of each lead-acid cell is approximately 
2.2 volts. 

Lead-Acid Battery 

Active materials within the lead-acid battery 
react chemically to produce direct current (DC) 
whenever lights, radio, starting (cranking) motor, 
or other current-consuming devices are connected 
to the battery circuit. This current is produced by 
the chemical reaction between the active materials 
of the plates and the sulfuric acid of the 
electrolyte. 
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An interiorconstruction view of a ^ical 12-volt lead 
(Delco-Remy Divisioil^eneral Motors CorpJ. 

The battery performs three functions in automo- 
tive applications. First, it supplies electrical energy 
for the "starting motor and for the ignition system 
as the engine is started. Second^ it intermittently 
supplies current for the lights, radio, heater, and 
other accessories when the electrical demands of 
these devices exceed the output of the alternator. 
Third; the battery acts as a voltage stabilizer in the 
electrical system. Satisfactory operation of the 
vehicle is impossible unless the battery performs 
each of these functions. 

The internal construction of a lead-acid storage 
battery is such that a highly reliable power source 
is provided. Two types of plates, one positive and 
the other negative, are the basic units. Tbpse plates 
consist of chemically active materials contained in 
grids. The grids are flat, rectangular, lattice-like 
castings. Each grid is designed specifically to hold 
the active materials. Once the grids have been 
pasted with the active materials, they are called 
plates. During the manufacturing process these 
plates are then said to be "charged." Charged 
negative plates contain sponge lead (Pb), which is 
gray in color. Charged positive' plates contain lead 
peroxide (Pb02), which has a dark brown color. 





m 





-acid storage battery illustrates internal cell connections 



teacher 
storage 



Safety Instructions 

_J . Obtain permission from your 
before servicing or charging a 
batj^ryv 

2. ^e proper instruments for testing a storage 
battery. 

3. Avoid overfilling a battery, especially if it is 
to be charged. 

4. Use water and baking soda (a neutralizer) 
to clean off the top of a battery. 

' 5. Remove anb transport a battery with a 
battery lifter. 

6. Handle battery or acid with care. Wash 
immediately any part of your body or 
clothing that comes in contact with ac^d. 

7. Wash hands immediately after handling a 
battery. 

8. Wear goggles when using a charger. 

9. Provide ample ventilation when using a 
charger. 

10. Remove cell covers before charging a bat- 
tery, unless the covers have other instruc- 
tions upon them. 

11. Keep open flames and sparks away from a 
battery being charged. 
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12. Turn off charger before disconnecting leads 
(wires) from charger to battery. 

13. Replace cell covers before moving battery. 

Scientific Principle Involved: 
Conversion of Energy 

Electromotive force (emO can result from the 
immersion q|f. certain pairs of dissimilar materials 
into the proper electrolyte. The lead-acid storage 
battery is a combination of negative plates of 
sponge lead (Pb) and positive plates of lead 
peroxide (Pb02) immersed in an electrolyte of 
sulfuric acid (H2 504) and water (H2O). When the 
terminal posts'^t^re connected to form a compjlete 
circuit, a movem^tit^of electrons will result from 
the chemical action. This chemical reaction is 
between the active materials of two different kinds 
of plates and the electrolyte. 
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Each cell in a lead acid storage battery has a potential 
of approximately 2 volts (actual potential is 2.2 volts 
per cell), batteries containing three cells connected in 
series are 6* volt batteries; six cells connected in series 
are 12 volt Applications requiring higher voltages use 
combinations of batteries, such as two 12-volt 
batteries connected in series to obtain a 24>volt 
systeiff. ^ 

During the chemical reaction the'^oxygen (O2 ) of 
the lead peroxide (Pb02) of the positi^ plates 
combines with the hydrogen (H^) of the sulfuric 
acid (H2SO4) to form water (H2O); the sulfate 
(SO4) from the sulfuric acid (H2SO4) combines 
with part of the lead (Pb) of the lead peroxide to 
form lead sulfate (PbS04 ). Alsp, a chemical change 
takes place at the negative plates. The lead (Pb) of 
the negative plate combines with the sulfate (SO4)- 
of the, sulfuric acid (H2SO4) in the electrolyte td 
form lead sulfate (PbS04), which is the^ same 
material as the positive plates. The excess electrons 
transferred from the positive plates to'the negative 




plates cause airimbalance whjcli is corrected when 
the circuit is completed and the electrons move 
through the external circuit to the positive plates. 

Application of Principle 

1. A lead-acid cell can be made by placing parts 
of two plates, (positive and negative) from a 
discarded storage battery in a dilute solution 
of sulfuric acid. When the plates are immersed 
in the electrolyte, little or no chemical action 
occurs. However, when the plates are con- 
nected in series with a 1 .5-volt lamp, chemical 
activity will take place. A^o^e. The use of an 
acid-resistant container of glass or plastic will 
make ' it possible to observe the chemical 
activity. 

2. A simple voltaic cell can be made by inserting 
a strip of brass and a strip of galvanized iron 
(of a clean copper penny and a silver dime) 
into a lemon. Check current flow between 
strips or coins with a galvanomenter. 
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(161 pp. 244^7; (22), pp. 200-204; (27), pp. 
466-69; OJA pp, 24-27; (37), p. 415;ri7App, 
23342; (65), pp. 44-47; (66), pp. 155^57; ^69/ 
Chapter 19, pp. 9-14,(86). pp. 45A9/(87), p.53, 

*^ . Electrolysis, i| 

Electrolysis is ^e decmnjgosition df a chemical 
compound by meaRSjof eleJtri^jal energy. Electrol- 
ysis has been put to ma^iV/iseful purposes in 
industry; such as in the manufacturing of chlorine 
and fluemne gases, in electroplating, and in the 
extracting of^luminum and certain other metals 
from their^ ores. However, electrolysis can occur 
where it is not desirable; for example, during the 
charging 6f a storage battery. If the rate during 
charging (amperage rate of current flow) is too 
high, the battery will heat, producing an excessive 
amount of explosive gas (a mixture pf hydrogen 
and oxygen) by electrolysis. These gases are also 
produced when the battery is overcharged (when 
charging is continued after the battery has a full 
charge). When a storage battery is being charged, 
the manufacturer's recommended charging rate 
should be followed; the charging should be done in 
a well-veritilated area, away from heat,. sparks, and 
open flame. ' . 
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Refer to the safety instructions previously men- 
tioned in this unit. 

Scientific Principk involved: 
Electrolysis 

When an electrolytic cell (cell of a storage 
battery) is connected to a direct-current source, 
'such , as a battery charger, the cathode (negative 
plate) becomes negatively charged and the anode 
(positive plate) positively charged. Positive ions 
move to the cathode, where they acquiife electrons 
from the cathode and are discharged. Negatively 
charged' ions move to the anode and are discharged 
by giving-:,up electrons to the' anode. The loss of 
electrons by the cathode and the acquisition of a 
like number of electrons by the anode is, in effect, 
the conduction of electricity through the cell. The 
conduction of electricity through an electrolyte, 
together with the resulting chemical changes, is 
called electrolysis. 

Application of Principle 

The explosive nature of the hydrojgen and 
oxygen gases produced through electrolysis when a 
storage battery is charged can bf* demonstrated by 
'capturing the gases and igniting liieu? in a safe 
manner. The demonstration can be conducted as 
follows: 

1. A "cannon'* jan >e constructed to demon- 
strate the potential hazard of a spark igniting 
gas given off from a storage battery Deing 

Spark 
Cap plug - 




Switch 



Storage battery 



charged. An 18-inch length of iVj-inch pipe is 
capped at one end. The cap is drilled and 
tapped for a 14mm spark plug. This unit can 
be mounted on a stand.- One terminal of a 
storage battery is connected by a length of 
No. 12 wire to a primary terminal of a 1.2-volt 
ignition coil and the cannon barrel (pipe). The 
other battery terminal is connected with No. 
12 wire through a push-button starter switch 
to the other primary terminal of the ignition 
coil. The high-tension terminal is conriected 
to the spark plug. Then the cannon barrel is 
placed for about five minutes over a cell 
. opening of a battery that is charging and 
^ gassing freely. The cannon is then, removed 
and placed at a demonstration location. The 
starter button is pressed to ijgnite the accumu- 
lated gas. 

2. A simple means of capturing the gases pro- 
duced during the charging of a storage battery 
is to insert'^in the cell openings of the battery 
rubber stoppers (with a hole in the center of 
each stopper for a glass elbow for the end cell 
and T joints for the others). The glass tubes 
are connected in series by the use of pieces of 
rubber tubing. This series hookup is then 
connected by a rubber tube that leads to a 
shallow pan partly filled with water. If all 
tubing connections are tightfand the battery is 
charging, gas will bubble/ slowly from the 
submerged end of the tubing. After sufficient 
time has elapsed (|jen diriutes to half an hour) 
for the gaseS: from the tattery to replace the 
air in the tube, gas samples may be collected 
in small jars or wide-mouth bottles (2 to 8 
ounces in capacity) by water displacement. So 
that the gas can be burned or exploded safely, 
the inverted jar is lifted from the pan, covered 
with a glass plate, and placed right side up on 
a table. At arm's length from the jar, the glass 
plate is removed and a burning match is thrust 
into the mouth of the jar. Pure hydrogen 

' pops, then burns quietly with an almost 
invisible flame. ^Hydrogen mixed with oxygen 
or air explodes with a pop or a shriek, 
. depending on the composition of the mixture. 
Note: Use only a small, wide-mouth bottle or 
jar for this demonstration. Do not collect gas 
in a large container and do not explode gas in 
a confined space, such as a bottle with a 
narrow neck or a bottle with a stopper. Do 
not attempt to light the gas at the end of the 
rubber tube. 
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Selected References 

Note: The numbers in parentheses in this section refer to 
entries in the list of selected references that appear within 
this publication immediately after the text. 

(91 pp. A6A1\(13K pp. 280-81 ;r27A pp. 498-506; 
(37K p. 294. 

Hydrometer Test 

Each cell of a lead-acid storage battery contains 
balanced quantities of positive active material, 
negative active material, and sulfuric acid. The 
sulfuric acid is diluted with water, and the solution 
is called the electrolyte. When the cell is fully 
charged, the active materials are free of sulfate, and 
the strength of the electrolyte is at it^^ maximum. 
When a cell discharges, the active materials react 
with the sulfuric acid in the electrolyte, and lead 
sulfate is formed on the plates. This reaction 
gradually lowers the strength of the electrolyte. 
Since the strength of the electrolyte varies directly 
with the state of the charge of the cell, this 
strength offers a convenient basis for estimating 
the state of the charge. To determine approxi- 
mately the state of charge and how much energy is 
available from a battery, one needs only to 
measure the specific gravity of the electrolyte. 

Specific gravity can be measured by means of a 
battery hydrometer. In the- taking of a specific 
gravity reading, it is important that the floal be 
freely suspended' in the fiquid, not touching the 
walls, top, or bottom of the barrel. It is important 
also that the eye be approximately at the liquid 
level when the reading is taken. Specific gravity 
readings are affected by temperatures; 8Q degrees 
F. is the accepted standard. For every 10 degrees 
of electrolyte temperature above .80 degrees F., 
four gravity points (.004) must be added to the 
gravity reading. This addition compensates for the 
loss of gravity caused by expansion of the liquid as 
its temperature increases. For every 10 degrees of 
electrolyte temperature below 80 degrees F., four 
gravity points must be subtracted from the gravity 
reading. This subtraction compensates for the gain 
in gravity caused by the contraction of the liquid 
as its temperature decreases. 

Refer to the safety instruction previously listed 
in this unit. 

Scientific Principle Involved : 
Specific Gravity 

All liquids have weight; some weigh more than 
others. The weight of a unit volume (e.g., cubic 



centimeter) of a liquid is called its density. When 
the density of one liquid is ^mpared to a 
standard, the relationship is called the liquid's 
specific gravity. All liquids are compared to water, 
which is given a specific gravity of 1.000. If it is 
found that 1 cubic centimeter of iron weighs 7.6 
times as much as 1 cubic centimet^r^efL^ater, it is 
said that the specific gravity of iron is 7.6. An 
object placed^n a container ot liquid is buoyed or 
lifted by an amount equal to the weight of the 
liquid it displaces; this is called Archimedes' 
principle. T)ie denser * the liquid, therefore, the 
greater is its buoyant force on the object. For 
example, as sulfuric acid is denser than water, a 
mixture containing more acid, as in a fully charged 
battery, will buoy a floating object higher than a 
mixture containing less acid, as in a discharged 
battery. A hydrometer uses a calibrated (specifi- 
cally marked) float that measures the density or 
specific gravity of a liquid compared to pure water. 
Thus, this instrument will measure how much acid 
is mixed with the water in a battery by weighing 
the mixture — that is, more acid makes the float 

. rise higher and less acid lets the float sink deeper. 
The., markings on the calibrated float give the 

^ specific gravity of the mixture compared to pure 
water. 




The hydrometer is used to measure the specific 
gravity of the storage battery electrolyte 
(Delco-Remy Division, General Motors Corp.). 

Application of Principle 

1 . Information concerning the hydrometer can 
be applied by testing a storage battery (prefer- 
ably one recently removed from an automo- 
bile). In the performance of the test, care 
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must be taken to avoid spilling the electrolyte 
because it contains sulfuric acid, which can 
bum a person's skin or destroy his clothing. If 
spilhng should occur, the acid should be 
washed off with plenty of water. The hands 
should always be washed immediately after a^ 
storage battery has been handled. 
2. A hydrometer can be used to measure/test 
antifreeze solutions and crude oil. f 

Selected References 

Note: The numbers ^ parentheses in this section refer to 
entries in the list of selected references that appear within 
this" publication immediately after the text. 

(71 p39; (221 pp. 357-58; ^27^ p. 207- (471 p. 
231\(71h p. 28;r56Ap.48. 

Battery Installation and Servicing 

A storage battery is designed to withstand 
normal operating conditions; however, excessive 
mechanical abuse will lead to early failure. Mechan- 
ical abuse often occurs during installation. So that 
a battery might be properly installed, recommen- 
dations for installation are given as follows: 

1. Before installing the battery, check for proper 
battery polarity with respect to the vehicle's 
specifications. "Ground" polarity is usually 
indicated. Avoid reversed polarity during 
installation by marking cables as to their 
polarity when removing the old battery since 
reversed battery pQlarity may cause serious 
damage to the electrical system. Remember 
that the positive battery terminal post is 
larger than the negative terminal post. Note: 
When installing batteries, disconnect the 
"grounded" cable at the battery terminal first 
and reconnect it last to avoid damage to the 

\ battery and wiring by accidental "grounds'.' 

2. Be sure that the battery carrier and hold-down 
device are clean and that the new battery rests 
level when installed. 

3. Tighten the hold-down device until it is snug; 
however, do not draw it tight enough to 
distort or crack the battery case. 

4. Be sure that the cables are in good condition 
and that the terminal clamps are clean. 

-5. Clean the battery terminals with a wire brush 
before attaching the cable clamps.^ Do not 
pound the clamps onto the battery terminals. 
When tightening cable nuts, use the wrench 
carefully to avoid twisting and damaging the 
cell cover. 
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6. Make sure that the cable terminals are clean 
and tight at the engine or frame and also at 
the cranking motor switch and solenoid. 



Overfilling 




cell cover electroly te 

The importance of periodic battery service 
cannot be overemphasized. With a reasonable 
amount of attention and care, the useful life of the 
battery can be greatly extended; neglect and abuse, 
however, will shorten its life. Any servicing and 
maintenance program should include the following 
points: 

1. Inspect the battery thoroughly for defective 
cables,Cloose connectors, corrosion, cracked 
ca^es rad covers, and loose hold-down 

devices. 

2. Check the electrolyte lev^l periodically, par- 
ticularly in hot weather, and add pure water if 
necessary to bring the liquid to the required 
level in each cell. Overfilling should be 
avoided, as this will cause the loss of electro- 
lyte, resulting in excessive corrosion, reduced 
battery performance, and shorter battery life. 
Allowing the electrolyte level to drop below 
the . tops of the. plates will cause the exposed 
plate material to becorhe dry and chemically 
ifiactive. Also, the high concentration of 
electrolyte remaining in the battery will cause 
permanent damage on the plate area below 
the electrolyte level, causing poor battery 
performance and shorter life. 

If the battery requires the addition of 
an excessive amount of water in normal ser- 
vice, an overcharged condition is- indicated. 
Some water usage is normal, usually 1 to 2 
ounces per battery per 1,000 miles of service, 
depending on the type of service and prevail- 
ing temperatures. If the water usage becomes 
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ex^ssive, high battery temperatures or a high 
yoltWe-regulator setting should be suspected 
as the most likely causes. If very little water is 
used \ over three or four thousand \miles of 
service, an undercharged battery may be 
indicated. Allowing the battery to xemain in 
an undercharged condition for excessive per- 
iods may result in plate sulfation and perma- 
.^nt daiT).age. The cause of the undercharged 
condition should be immediately -corrected in, 
order to insure optimum battery life. 
3. Periodically, clean the Battery top, posts, 
cable clamps, carrier, and hoJd^lown device 
with a diluted ammonia or soda sofutiion to 
remove corrosion and lothef foreign material. 
After cleaning, flush with clean water and 
apply a thin coating of petroleum jelly to the 
cable clamps and posts to retard corrosion. 
Tighten the hold-down device so that the 
battery will not shake in the carrier, but avoid 
over-tightening to avoid- possible damage to 
the battery case. * 
Refer to the safety instructions previously listed 
in this unit. 

Scientiflc Principle Involved: 
Conrosion and Oxidatioa 

The term corrosion may be«*used to denote the 
chemical change which takes place when a metal 
combines with oxygen. (Examples include the 
formation of an oxide scale on steel heated in air 
and of hydrous oxfde rust on iron exposed to 
water or damp air.) Chemical change also occurs 
when metal comes into contact with an acid. The 
heat given off by an internal-combustion engine, 
moisture in the air, and the spilling or spraying of 
an electrolyte cause the corrosion of battery 
terminals, cable clanrps, and holders. 

Application of Principle 

Skills can be applied and knowledge extended 
through the installation and servicing of storage 
batteries. Servicing can be made of batteries 
installed in automobiles or recently removed from 
them. 

Selected References 

Note: The numbers in parentheses in this section refer to 
entries in the list of selected references that appear within 
this publication immediately after the text. ^ 

(4K pp. 110-1 l;r22A pp. 359-63; Chapter 19, 
pp. \3-\A\(7lK p. 2%\(75K Chapter 36, pp. 19-24, 
(78K pp. 247-57. 
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' Battery Testing 

The storage battery may be tested to determine 
if it is in good condition or if it is defective or 
. worn out and must be replaced. Before the 
performance of any electrical . checks, a visual 
inspection should be made to revpal any obvious 
defects. If the case or covers are cracked or if the 
battery has unusual odors or is otherwise damaged, 
the battery should be replaced. 
* The light-load test and the hydrometer test 
(which was explained earlier in this unit) should be 
performed on batteries having individual cell cov- 
ers. , The. light-load test is.simpje, quick, and 
accurate; it should be applied to batterieis before 
they are chained. Otherwise, defective cells may - 
pass the test and . cause a false diagnosis. An 
expanded scale voltmeter (one that has .01 volt per 
scale division) is needed for this test. 

To check the electrical condition of battery cells 
\ using the light-load test, first check the electrolytes 
V level ^ each cell. If necessary, raise it to the proper^- 
level by adding pure water. Then, if the battery is 
in the vehicle, place a load ^n the battery by 
holding the starter switch on for three, seconds or 
until the engine starts. If the engine starts, turn off • 
the ignition immediately. If the battery is out of 
the vehicle, place a 150-ampere load on it for three 
seconds. Next, turn on the headlights (low beam); 
or, if the battery is out of the vehicle, place a 
10-ampere load on the batterjf^ After one minute, ^ 
with lights still on or the lOempere load still 
connected, read the voltage of «ach battery ceU 
with a voltmeter, noting the exsl^t voltages. It is 
necessary to remember only the highest and lowest 
cell voltages. 

The condition of the battery can be determined . 
by noting the difference in voltage readings 
between the individual cells as follows;-^ 

1. If any cell reads 1.95 volts or mpre^ahd there 
is ^ difference of .05 volt (fi^e* divisions) or 
more between the highest and-lowest cell, the^ 
battery is defective, damaged, or worn out , . 
and should be replaced. 

2. If any cell reads 1.95 volts or more and the 
difference between the highest and lowest cell 
is less than .05 volt (five divisions), the, 
battery is good and sufficiently charged. 

3. If cells read both above and below 1.95 volts 
and the difference between the highest and 
lowest cell is less than .05 volt (five divisions), 
the battery is good but requires charging. 
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If all cells read less than 1.95 volts, the battery 
state of charge is too low to test accurately. 
Boost-charge and repeat the light-load test. Boost- 
charge all 12-volt batteries rated at 100 ampere- 
hours or less at 50 amperes for 20 minutes (1,000 
ampere-minutes). Charge all other batteries, both 
6-and 1 2-volt, at 60 amperes for 30 minutes (1 ,800 
ampere-minutes). If none of the cells comes up at 
L95 volts after the first boost charge, the battery 
should be given a second boost. Batteries which do 
not come up after a second boost charge should be 
replaced. If the charger being used wi|l not give the 
rate > specified, charge for an equal number of 
ampere-minutes at the next lower rate available. 
For purposes of the light-load test, do not boost a 
battery more than the amount indicated. If the 
battery is found to be good after boosting, it 
should be fully recharged by the slow-charge 
method before being placed in service. 

The "421" test, the specific-gijivity -cell-^ 
comparison test, and the hydrometer test (which 



was explained earlier in this unit) may be used on 
batteries. In the specific-gravity cell-comparison 
test, the specific gravity of each celj, regardless of 
state of charge, is measured' and interpreted. If 
specific gravity readings show a difference between 
the highest and lowest cell of .050 (50 points) or 
more, the battery is defective and must be 
replaced. 

The **42r' test is* a specific, programmed test^ 
procedure consisting of a series of timed discharge 
and charge cycles that will determine the condition 
of the battery with a high degree of accuracy in a 
very short period of time. The "421" testers, 
which are manufactured by a number of different 
suppliers, automatically subject the battery to the 
programmed "421" test. The "421" tested when 
used in the procedure as outlined in the chart that 
follows, will ^in two pr three minutes accurately 
determine the dol^jditioji of any J 2-volt unit regard- 
less of size, in pt ipuyof th^ Vehicle, in any state of 
charge, and at any- temp^atufe. 



EXAMINATION OR TEST 



-WHAT-TO LOOK fOR 



^ACTION 



. ^ —7 — : — ■ 

JVISUAL INSPECTION ''^ ' ^ /^a.* Cracked cases and covers 

NOTE- If no* visual defects are fot^ii^pro- b. Electrolyte level betew top 
cee^tQTest2: . , ' ^ .. . ^f.plates. ' c 
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c. Other abus?;,.?' 



' r^pCage batteries ■ 

Low(,electrolyte level may cause perrT)!W|ent dam- 
* age to batteries. Fill with water tc fWOper level< 
and proceed with careful testing of battery, to^ 
tietermlne if <Himage has oc^curred. 

% ^ " ' '■ . ' 

Low electrolyte level Indicates that the ba^jjjry 
has "been nifected fbr an extended perl6<f of 
7 time and/or Jfie battery is being subjected to 
overcharge in vvhich^asfi the charging sitet«m 
/ ' should be ^hecked for coci^ecit voltage seftttig, 

^ " REPLAC^ATTERIES-lf terminals are loose 
'* pr bent/seaiing compound^ removed, ceJt covers 
damaged, plates or separators damaged by 
f .insertion of probes,,tools,etc.^^ o 



2. "421 " ^ffeV . " '''Av " i Batteries designated^^i Bad by , IRiEPLA 

NOTES' 4 tester, ^/ j> \ •/ 5 

v indication^tof poor^ierformance.^ ifatteries shduld be. iri^t least a 75% stafre-of- 

- - " ' charoe. V > - 



ATTER1ES. 



b; ' "4f24';^e*teS's af e prbd\jced by a rium-" 
beryoTdlfferent manufactureri-foll^w 
^ thtf directions for,'tester'op6ration. ^ 

C. Be ^eYtatfrtp Qbtiin clb^n and tight Batteries designirtted as Goorf by" -Proceed to- Step 3.., 
coiin^ctions^flWre performing this tester, but are ^^^^^ ^ ■ 

fXesi / T^' ' '* ^ ' ^ ^ becau&e of plwner complaint or *^ ^ 

^ , . ^ - of batte^. ' -4 ' ' 

D. Alktn»t^ readings mi^^be made im- ' , ■ . ■ *\ i ' ^ 
mediately after maicator light -iomes 

•;OH'J 
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;PECIFIC GRAVITY iHVDROMETERj a. '^9pW!* f?r more variation , REPLACE BATTERlEI^. > ^ 
YEST '\ - ^V ' ' c . 0 >betwfi4nihighestandlowes|,., ^ :^J^ ; , 

NOTE; DCJ i^lQT 6<iafge battery prtot to . cells. \ , ' 



• making ti^f^l^ . j 



b. Less than, acupoints variatioa RETURN lo ^tKvii.c- , 
. , between hjohest and lowest Posts, cables and top ^^^^^^^^^^ 
' ce^ls^ battery should be m at least 75% ^tate-pi- 
' * charge.' - . 
^ r^-^— ^ ^ . " 
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> ; Refer to the safety instructions previously listed 
in this unit. 

Scientific Principle Involved: 
EMF and Capacity Rating 

The lead-acid storage battery for automobiles 
with 6-voIt electric systems is three 2.2-volt cells 
connected in series. The emf is approximately 6.6 
volts. Six cells are connected in series to make up 
the battery for 12-volt systems. - 

The quantity of chemical energy stored in a 
battery depends on the magnitude (greatness) of 
the charging current and the time the current flows 
to bring it to a fully charged state. The capacity of 
> a battery is usually rated in ampere-hours. One 
having a capacity rating of 90 ampere-hours could 
supply a current of 1 ampere for 90 hours, 2 
amperes jfor 45 hours, 3 amperes for 30 hours, and 
so on. 

Application of Principle - 

The procedures provided in this section can be 
used in testing storage batteries installed in vehicles 
or recently removed from them. 

Selected References 

Note: the numbers in parentheses in this sewtion refer to 
entries in the list of selected references that appear within 
this publication immediately after the text. 

(221 p. 204; (261 pp. 298-99; (271 PP- 469-72; 
(331 p. 26; (471 pp. 234-35; ^65^ p. I98;(86l 
pp. 46-47. 

Battery Charging 

There are two basic methods of rech«arging 
batteries. One is the slow-charge method and the 
other is the fast-charge method. As the names 
imply, the methods differ in the length of time the 
battery is charged and in the amount of charging 
current supplied. Before any battery is recharged, 
the cells should be checked and water added 
necessary to bring the electrolyte to the proper 
level Periodically during the charging process, the 
temperature of the electrolyte should be measured; 
and if the temperature exceeds 125 degrees F., the 
charge rate must be reduced or temporarily halted 
to avoid damage to the battery. The electrolyte 
temperature should never be allowed to exceed 
125 degrees F. 

The slow-charge method supplies the battery 
with a relatively low charging rate for a long period 
of time. The charging rate shouldHbe 7 percent of 
the ampere-hour rating of the battery. Example: If 
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the ampere-hour rating is 60 a.h., the charge rate 
should be 4.2 amperes or, for all practical pur- 
poses, 4 amperes. If the ampere-hour rating of the 
battery is unknown, the charge rate should be 5 
amperes for passenger-car type batteries and 9 
amperes for heavier batteries. Charging periods of 
24 hours and more may be needed to bring the 
battery to full charge. The battery is fully charged 
when the cells are gassing freely and no change in 
specific gravity ocfcurs over a one-hour period. 
Sulfated batteries (that is, batteries which have 
stood in a discharged condition for long periods of 
time without recharging) may require three or four 
days jof slow charging in order to bring the battery 
to a fully charged condition. Batteries which are 
permanently sulfated can never be restored to a 
normal operating condition, regardless of the rate 
of charge or the length of time the charge is 
applied. 

The fast-charge method supplies the battery 
with a high charging rate for a short period of time. 
Charging rates of 40 to 70 amperes are common, 
with charge periods varying from iVj to 3 hours, 
depending on battery type and size. The high 
chaiiging rate may be continued for as long as there 
is no electrolyte loss and the electrolyte temper- 
ature does not exceed 125 degrees F. Because of 
the short charging period and the high charging 
rate, the plates are not fully converted to lead 
peroxide (PbOj ) and sponge lead (Pb). This defi- 
ciency means that a battery cannot be fully 
recharged by the fast-charge method although it 
can be substantially "boosted" or recharged. For 
the complete recharging of the battery, the fast- 
charge procedure should be followed with a slow 
charge for a few hours. When fast chargers are 
used, the safeguards built into the charger by the 
manufacturer should never be ignored or circum- 
vented as these safeguards .are intended to protect 
the battery from damage. It is important to 
remember that an explosive mixture of hydrogen 
and oxygen gases is formed when any battery is 
being charged. As the mixture escapes through the 
battery vents, normal air circulation usually carries 
the explosive mixture away. But if circulation is 
poor or if the battery is being heavily charged, the 
explosive mixture may accumulate near the bat- 
tery. Since a spark or f^ame can ignite the mixture 
and cause an internal battery explosion, care 
should be taken to avoid sparks at^ flame near the 
battery. 

Refer to the safety instructions previously listed 
* in this unit. 



EKLC 



4» 



S3 



Scientific Principle Involved: 
Chemical Ch^ge 

The sulfuric acid electrolyte contains both 
hydrogen ions (H+), and sulfate ions (SO4-). The 
negative plate, which is sponge lead, reacts with the 
sulfate ions in the electrolyte to produce a deposit 
of lead sulfate. During this reaction electrons are 
released; they move through the external circuit to 
provide electric power for the starter, lights, and 
other electrical equipment of the internal-combus- 
tion engine unit. The lead peroxide of the positive 
plate reacts with the hydrogen and sulfate ions of 
the electrolyte to fofm water and a deposit of lead 
sulfate. 

When the external circuit is open, the movement 
of electrons is interrupted,, causing both chemical 
reactions to stop. If the circuit is closed for a long 
period of time without the benefit of a charging 
current, the reactions will continue until the plate 
surfaces are covered with lead sulfate and most of 
the hydrogen and sulfate ions are removed from 
the electrolyte. The sponge lead of the negative 
plate and the porous lead peroxide of the positive 
plate provide greater internal surface, areas for 
chemical change and collection of the lead-sulfate 
deposit. 

Certain chemical reactions that produce a move- 
ment of electrons can be reversed if the movement 



of electrons is reversed. All rechargeable cells 
depend on a reaction of this type. When a lead and 
sulfuric acid battery is connected to a charger, the 
reactions are reversed. When charging is complete, o 
both plates are restored to their original compo- 
sition, and the electrolyte is restored to its original 
concentration of sulfuric acid (hydrogen and sul- 
fate ions). This process is illustrated in a formula as 
follows: 

Disch arging — ' » 
^^702 -^Pb-h 2H2 S0^^2PbS0^ -h 2H2 O 

* Charging 

Application of Principle 

Charge lead-acid storage batteries and make tests 
co^red under "Hydrometer Test" and "Battery 
T^Bng" in this unit. 

Selected References 

Note: The numbers in parentheses in this section refer to 
entries in the list of selected references that appear within 
this publication immediately after the text. — 

(41 pp. 105, ill; (7), pp. 39-40; m pp. 229-30; 
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Unit 23 - GENERATION OF ELECTRICITY 



This unit deals with (1) magnetos; (2) direct- 
current generators and alternators; (3) alternating- 
current rectifiers; and (4) generator regulation. 

Magnetos 

A magneto is a device which generates and 
distributes electricity for igniting the compressed 
fuel-air mixture in the combustion chamber of 
internal-combustion engines used to operate vehi- 
cles aijd portable or stationary equipment (for 
example, lawn mowers, motorcycles, chain saws, i 
portable lighting systems, and outboard motor- 
boats). 

The magneto generates the electricity, steps up 
the low voltage to a high-tej>sion voltage, and 
distributes it to the cylinder (or cylinders) at the 
correct instant. These operations are done without 
the aid of a storage battery. Certain magnetos are 
low-tension types; they generate a low voltage. 



which is then stepped up to a high , voltage by 
means of a separate coil. High-tension magnetos 
produce voltage of sufficient value to jump the 
spark-plug gap without the use of a separate coil. 

The difference between a magneto and a gener- 
ator is that while the generator has an electromag- 
netic field requiring an outside source of electricity 
to excite it, the magneto uses permanent magnets 
for this field. Magneto ignition systems have 
certain advantages over the battery-demanding 
systems. The magneto systems are more portable, 
and lighter, and they provide a spark that is hotter 
as the engine speed increases. 

There are two types of magnetos, the low- 
tension type and the high-tension type. Magnetos 
are classified .further according to the part of the 
magneto which is revolved. A magneto that has its 
windings on a rotor which is revolved in a magnetic 
field is known as a shuttle-wound magneto. In the 
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The magneto of a small engine produces electricity 
when the flywheel is rotated by the pulling of a rope 
wound abound a (MJlley attached to the crankshaft 
(Briggs and Stratton Qorp.). 

inductor-type magneto both the coil and the 
nfagnet are mounted in stationary positions; move- 
ment of the magnetic field is obtained by making 
and breaking the magnetic field. A newly devel- 
oped magneto, known as a revolving magnetic 
design, has been made possible by new types of 
magnets. The coil of the. magneto is mounted in a 
stationary position, and one or more magnets are 
revolved between the pole pieces of the magneto. 

A magneto, in a sense, consists of two simple 
circuits; one is called a primary circuit and the 
other a secondary circuit. Both circuits have 
windings which surround the same iron core, and 
the magnets in the flywheel or rotor act on both 
circuits. Current can be induced in each circuit by 
changing the magnetism in or around the coils. The 
primary circuit, which has relatively few turns of 
heavy wire, includes a set of breakei points and a 
capacitor. The secondary circuit, which has a coil 
with many turns of lighter wire wound around the 
outside of the primary winding, includes a spark 
plug. A permanent magnet is mounted in the 
flywheel or rotor; as the flywheel rotates, the 
magnet is brought into proxiraity with the coil and 
core. 

Scientific Principle Involved: 
Magnetism 



Every magnet has a north pole and a south pole. 
Like poles repel each other (two north poles or 
two south, poles); unlike poles attract each other (a 



north pole and a south pole). The reason for this' 
phenomenon is that a magnetic force (or field) 
existsT^etween the opposite poles of a magnet. This 
magnetic field is compospd of invisible lines of 
force (magnetic flux). 

There are two types of magnets, permanent 
magnets and temporary magnets (electromagnets). 
The earliest type of permanent magnet was the 
natural one^of ore and was used as a compass in 
navigation. It was called a lodestone (lead stone). 
Now, permanent magnets are manufactured. Two 
common shapes of manufactured magnets are the 
bar magnet, which has a pole, at each end, and the 
horseshoe magnet, which is a bar magnet that has 
been bent into a U shape so that the pole,is are close 
together. Originally, manufactured magnets were 
made of high carbon steel. Now, high quality 
permanent magnets are manufactured from alloys 
of steel and tungsten, chromium, and cobalt; from 
alloys of nickel and chromium; and from ceramics. 
These magnets not only are stronger but retain 
their magnetism for much longer periods. 

The movement of electrons (flow of current) 
can be caused by revolving a coil of wire in a 
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The schematic diagram given above presents the 
components of a flywh^l-type magneto used in an 
outboard motor (Evinrude Motors). 

magnetic field. In a conventional generator the 
magnetic field Js produced by passing current 
through the field coils, which in turn produce the 
magnetic field (electromagnets). In the case of the 
magneto, the magnetic field is produced by means 
of permanent magnets. Magneto ignition systems 



/ 



ss 



^Lighting switch 




HeadUght 
Bulb High-tension coil 



Magneto TaiUight 



A flywheel magneto provides electrical current needed to operate the engine and the electrical components shown 
in the motor-scooter wiring diagram (Lambretta: Innocenti Motor Division). ^ 



have distinct advantages. They do not require any 
storage battery or other source of current, and the 
intensity of the generated voltage does not 
decrease but increases - with tKe engine speed. 
Magnetos are particularly popular for intemal- 
combusion engines where a storage battery is not 
needed for starting or lighting. The recent devel- 
opment of permanent magnets of greatly increased 
strength has improved their performance. 

Application of Principle 

1. Place a magnet under a sheet of glass or a 
piece of cardboard. Sprinkle iron filings on 
the glass or cardboard and tap lightly. The 
iron filings wUl show the form of the mag- 
netic field. ^ 

2. Locate permanent magnets ufeed in the^ com- 
ponents ot small enginesSftrid automobUes 
(magneto, radio speaker, and comt)ass)-: 

3. Check the permanent magnet in a speedom- 
eter. 

4. Service or rdpair a magneto.. 
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Direct-Current Generators and Alternators 

The automobUe must have some source of.direct 
current (DC) to operate the starter, ignition, lights, 
and electrically operated accessories. A storage 
^battery will furnish this electrical energy for a 
'limited tim^. A direct-current generator, which 
converts mechanical energy provided by the engine 
to electrical energy, has been used for a number of 
years to keep the battery charged. Demands of the 
electrical system of modem automobUes have 
placed a heavy strain on the generator. For this 
reason the direct-current generator has been 
replaced in many vehicles by the alternator (alter- 
nating-current generator), which has the advantage 
of producing current at low speeds even when the 
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engine idles or the car is moving through slow 
traffic. The alternator produces alternating current 
(AC) much like that available in home electrical 
circuits. A rectifier is used to convert this alter- 
nating current to direct current. Manufacturers' 
directions should be followed when direct-current 
generators and "alternators are installed and tested. 

0 

Scientific Principle Involved: 
Electromagnetic Induction 

An electric potential is produced when a coil of 
wire is passed through a magnetic field. This 
principle is used in the automobile generator to 
produce current. When the armature (rotor) of a 
generator is turning, the coils pass through the 
magnetic fiux of the field coils, producing an 
alternating current in the coils of the armature. 
The current alternates because the armature coil 
approaches the magnetic field from one direction 
and leaves in another. This movement causes the 
current to flow first in one Uirection and then in 
another, thus producing alternating current. The 
direct-current generator uses a commutator made 
of segments arrap.ged on the armature so that they 
contact the brushes at the proper times during the 
rotation. This contact causes the pulsating current 
to flow in only one direction in the external 
circuit. The alternator uses slip rings and collects 
the altemating^current, which is then converted to 
direct current with a rectifier. Uqlike the magneto, 
which uses permanent magnets, these generators 
use field coils, which are electromagnets (temp- 
orary magnets). The electromagnets produce the 
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A basic direct-current generator is identical to a basic 
alternatingnrurrent generator except that one has a 
commutator and the other has slip rings. If the 
commutator (1) is repfaced by the slip rings (2), the 
generator's output will become alternating current 
instead of direct current. 
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The illustrations presented above give an end view and a sectional view of a direct-current passenger-car generator 
(Delco-Remy Division, General Motors Corp.). ;vr_' 
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The illustrations presented above give an end view and a sectional view of an alternating-current generator 
(alternator) (Delco-Remy Division, General Motors Corp.). 



properly oriented magnetic field when direct cur- 
rent, is sent through the field coils as part of the 
direct current produced by the generator is sup- 
plied to these coils. 

Application of Principle 

1. The relationship of the field strength to the 
generator output can be shown by placing a 
variable resistor in the field circuit and regu- 
lating the amount of direct current supplied 
to the field. 

2. A generator can be designed, constructed, and 
• operated by a group of students. 

3. Generators can ,*be checked, serviced, and 
repaired. 

4. A 6- or 12-volt light bulb can be connected to 
each end of a generator field coil; when the 

' coil is lowered into the field of an operating 
growler, the bulb will light up. 
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The rotor-type alternating-current generator used in ^ 
motorcycles is composed of a stator with coils which 
are wound around iron cores and a rotor made of 
permanent magnets which ' is attached to the 
crankshaft (Honda Motor Company, Ltd,), 
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Alternating-Current Rectifiers 

Alternating-current generators (alternators) pro- 
duce alternating current that is used in the home, 
in industry, and in the electrical components of 
automobiles and other units driven by internal- 
combustion engines. ^However, direct current is 
required for <nie operation of certain components 
of many electric/electronic devices, such as the 
electrical systems of intemal-combustion-^ngine ^ 
units, the circuits of radio and television trans- 
mitters and receivers, and measuring instruments 
(meters). Therefore, tl^e^ alternating-current output 
of alternating-current generators must at times be 
changed or rectified to direct current. This change 
or rectification is accomplished by the use of 
selenium, silicon, magnesium-copper sulphide, or 
copper-oxide rectifiers or electron tubes, which 
furnish a one-way path for electric current or 
movement of electrons. 

The Silicon rectifier or siHcon diode rectifier is 
one of the most recent types of rectifiers to be' 
developed. Because of its small size, it is built into 
the frame of the automobile's alternator. Plate- 
type rectifiers ire relatively large in size and are 
mounted externally. 

Single-phase alternating current would result in a 
pulsating current. To provide a much smoother 
flow of current, alternators are built with three 
stator circuits which, in effect, give overlapping 
pulses of alternating current. When these pulses are ^ 
rectified through diodes, a comparatively smooths 
flow of direct current is obtained. 

Scientinc Principle Involved: 
Rectification 

The process of changing alternating current to 
direct unent is called rectification. When a siUcon 
diode rec^tfier is placed in series with a load 
(electrical device) in a circuit and is supplied with 
an alternating current, the current is allowed to 
flow in only one direction. This type of rectifier, 
which is called a half-wave rectifier, provides 
pulsating direct current. For one half ef each cycle 
of alternating current, the current flows through 
the rectifier and load. During the other half-cycle, 
the current cannot flow through the rectifier so 
that no current flows through the circuit. Capaci- 
tors can be used to smooth out the pulsating 
current^ however, full-wave or bridge rectifiers, 
which use both halves of each cycle, or three-phase 
alternators produce a smoother direct-current ouU 
put.. • 
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A full-wave or bridge rectifier is used to rectify 
alternating current produced by alternators. In the 
diagram presented above, four selenium rectifiers are 
interconnected to provide direct current during both 
halves of the alternating-current cyde (HorxJa Motor 
Company, Ltd.). 




In the diagram of a single-phase alternating current 
(1), the positive half wave is represented by (a), the 
negative half wave by (b). In the three-phase 
alternating current (2), the phase outputs overiap but 
do not coincide. The three-phase alternating current 
depicted in (2) 1s shown as rectified direct current i# 
(3). 
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Application of Principle 

1. Locate rectifiers in the generator circuit of 
automobiles and other units driven by 
internal-combustion engines. 

2. Disassemble, clean, check,' and, if necessary, 
repair generators used in the electrical system 
of intemal-combustion-engine units. 

3. Mount a y2 -horsepower, single-phase motor, a 
35-ampere alternator, a regulator, and a stor- 

• age battery on a piece of plywood. Charge the 
battery by driving the alternator with the 
motor. 

4. Use an ohmmeter to demonstrate how a 
silicon diode rectifier will have low resistance 
in one direction and high resistance in the 

other. • 

5. Demonstrate magnetic fields by placing sev- 
eral coils around a cardboard tube and pulling 
a piece of iron through the tube by t^uming bn 

•=-each coil in turn. ^ ^ ' 

♦ 
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Generator Regulation 
Both alternating-current and direct-current gen- 
erators require a regulator which prevents the 
generator from producing excessive voltage/cur- 
rent. Without regulation, a generator would con- 
tinue to increase its output as speed increase^d until 
it would be producing so much current that it 
would overheat and burn up. If an unregulated 
generator were connected to the electric circuit of 
an automobile or to other units driven by an 
internal-combustion engine, the storage battery 
would be greatly overcharged and the electrical 
devices could be damaged. The direct-current 
generator uses an external resistance to control 
voltage and amperage output. Various devices are 
used to regulate alternating-current generators by 
placing resistance in the generator field circuit. 
Cutout relays (circuit breakers) are a part of the 
regulation system of direct-current generators and 
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some alternating-current .generators. The cutout 
relay closes the circuit between the generator and 
battery when the generator is producing current; it 
opens this circuit so that the battery cannot 
discharge through the generator when the gener- 
ator slpws or stops. Certain alternating-current 
generators, because their design makes them self- 
limiting, have no cutout relays and no current 
regulators. The rectifying diodes or transistors in 
the circuit (transistor systems)' prevent reverse 
' current or discharge of the battery through the 
generator. 

Cutout Current Voltage 



Battery relay regulator^ regulator 




Generator 



A conventional three-unit regulator is used with a 
generator. _ ' 

Scientific Principle Involved : 
Electromagnetic Switch 

The cutout relay, voltage regulator, and current 
regulator are switches operated by an electro- 
magnet; The cutout relay c6nsists of two windings 
(coils) around a core and a flat steel armature, 
mounted on a hinge above the core.- A contact 
point on the annatuj^is positioned just above a 
stationary contact point that is connected to the 
battery. When the generator is^not operating, a 
spring holds the two points apart, keeping open the 
circuit between the generator and battery. When 
the generator begins to operate, current flows 
through onp winding, induces voltage in the otlTer 
winding, ^d creates a magnetic field around the 
core. Thefarmature is pulled by the electromagnet 
and the contact points cpme together (close). This 
action completes the circuit between the generator 
and the battery. When the generator stops, current 
begins to flow from the battery to the generatoh 
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This reversal of current flow creates a reverse 
magnetic field in one winding which bucks the 
magnetic field in the other winding. The weakened 
magnetic field can no longer hold the armature 
down and keep the contact points together. When 
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* Tha alternator empldys a transistor regulator. 



the armature springs up, the circuit between the 
battery and the generator opens. 

Application of Principle 

1 . Locate regulatCTrs in the generator circuit of 
automobiles and other units driven by 
intemal-combustion engines. 

2. Clean, check, and, if necdssary, repair regu- 
lators (cutout relays, voltage regulators, cur- 
rent regulators, and transistor systems). 
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UiHl 24 - TRANSMISSION OF ELECTRIC POWER 



Both the storage battery and the electric gener- 
ator '(alternator) have positive and ne^tive ter- 
minals. The positive terminal, which has a shortage 
of electrons, attracts electrons. The negative ter- 
minal, which has an excess of electrons, repels 
electrons. When a circuit is completed between the 
terminals, electrons move through the circuit. They 
will move as long as there is a complete circuit and 
as, long as the electromotive force is maintained. 
The original electrons that start out displace 
electrons in the next atoms, and so on along the 
length of the circuit. The movement of electrons is 
called an electric current, 

The-modem automobile Has an alternator and a 
storage battery to supply, the electrical system. 
Electrons move (or current, flows) through wires to 
the ignition ' and ligliting systems and through 
cables to the storage; battery and the starting 
(cranking) motor. The internal current flow in the 
electrolyte is a movement of positive and negative 
ions in opposite directions. 

Scientific Principle Involved: 
Electromotive Force 

A (^evice; such as-|5gstorage battery or an*electric 
generator provides the electromotive force which 
removes electrons ^ rom one end of a wire ancl piles 



them up at the other end. When the number of 
electrons at one end of a wire exceeds the number 
at the other end, an electric field is set up between 
the ends of the wire. This field causes free 
electrons in the wire to move from the negative 
end to the positive one. This movement of .elec- 
trons is the flow of electric current; it is the 
electromotive force (voltage) that creates the elec- 
tric pressure that causes the current to flow. 

Application of Prindple 

1. Use a proper meter to check the electro- 
motive force (voltage) of a storage battery 
and a generator. 

2. Use a proper meter to determine the positive 
and negative terminals of ^ dry cell and^^ 
storage battery. ^ 

Note: An ammeter must always be connected in 
series with the circuit. To make a series connection 
requires breaking the circuit to connect the meter. 
A voltmeter is always connected in parallel or 
across the circuit. The circuit does hot have to be 
broken^f|p that voltage can be measured. Use 
diiect-^&Tent meters to measure direct currents 
and voila^s. Direct-current meters must always be ' 
connected with the correct polarity. Use altemat- 
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ing-current meters to measure alternating currents 
and voltages. 
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Conductors and Insulators 

A conductor is a material that readily allows a 
flow of electrical cunrent (movement of electrons). 
Metals are good conductors of electricity. Silver is 
the best conductor; copper and aluminum follow, 
in that order. For this reason wires, cables, straps, 
and bars used in transmitting electric power are 
made of copper or aluminum, and silver is used in 
the manufacture of many electronic parts. Solu- 
tions of salts, acids, and bases are fairly good 
conductors. a 

An insulatpr is a material that will not readily 
conduct electricity (resisting the movement ' of 
electrons). Rubber, glass, porcelain, mica, amber, 
oils, and sulfur are good insulators. Rubber and 
plastic serve as insulating shields around, wires used 
to conduct electricity. Power lines are attached to 
insulators made of glass o^^i^lain. Pure water is 
an insulator, but water fro^SHpcet is not because 
it usually contains small «Wunts of dissolved 
impurities. 

The movement of electrons can be stopped by 
an open circuit (a switch in the "off position or a 
break in a conductor) or shorted or grounded 6y a 
conductor that is not a part of the intended circuit. 



Scientific Principle Involved: 
Electron Theory 

An atom is composed of particles of matter 
called protons, neutrons, and electrons. The pro- 
tons and neutrons form thetnucleus, which is the 
center of the atom. The electrons are arranged 
outside the nucleus in an orderly manner. Each 
atom has an equal number of protons and elec- 
trons. The proton carries a positive (+) electric 
charge, the neutron carries no electric charge, and 
the electron carries a negative (-) electric charge. 
A normal atom has no electric charge because the 
pc sitive charge of the protoitsXin the nucleus is 
canceled or neutralized by thes^egatiye charge of 
the electrons outside the nucleus^ 

The protons in the nucleus ^faptiot easily be 
moved; however, the electrons can be' disturbed 
and even pulled away from the atom. When this 
occurs and electrons are taken away from a neutral 
atom, the atom has a positive charge and becomes 
a positive ion; that is, the atom htis more positively 
charged protons than negatively charged electrons. 
Conversely, if extra electrons are added to a 
neutral atom, the atom has a negative charge and 
becomes a negative ion. 

Some atoms hold their electrons very tightly. 
Substances made up of atoms of this type are 
known as insulators; electrons do ^t move 
through them easily. These substances ^usually 
nonmetallic. Other atoms have electrons that are 
held very loosely. Some of these electrons jump 
rapidly from atom to atom as "free electrons." 
Substances made up of atoms of this type are 
called conductors; electrons mpve through them 
easily. The best conductors are metals, such as 
silver, copper, and aluminum. When electrons are 
taken from atoms in a conductor, the atoms 
become charged positively, and the electrons from 
nearby atoms are attracted to them, moving into 
spaces left by the departed electrons. This action is 
repeated along the entire length of the conductor. 
A positive charge placed on any part of the 
conductor causes a movement of electrons from 
atom to atom within the conductor. This move- 
'ment of electrons is called an electrical current. 

Application of Principle 

1. Check the amperage of circuits using an 
amm^ler, a 1.5-volt dry cell, and the types 
and lengths of wires that folk)\v: r^. 
a. Five feet each of No. 22 copper,.aluminum,: 

and nichrome wire, connected separately in 

circuits ^ 
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b. Five feet of No. 18 copper wire, and then 
five feet of No. 28 copper wire 

c. One foot of No. 28 copper wire and then a 
ten-foot piece of No. 28 copper wire 

2. Attempt to operate the starting (cranking) 
motor pf an automobile by connecting a small 
gauge condMctor, such as a length of No. 16 
copper wire, .between storage battery and 
starter. 

3. Inspect the electrical systems of a small 
engine unit and an automobile. 
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Voltage, Current, and Resistance 

Voltage (E) or electromotive forc^ (emf) is 
electrical pressure that will cause electrons to move 
(current to flow) in a closed circuit. The force is 
the repelling force caused by a surplus of electrons 
and the attracting force caused by a deficiency of 
electrons. Electrical pressure or potential differ- 
ence is measured in volts. It is the voltage which 
causes the flow of current in a cl<ised circuit to 
provide heat and light and operate electrical 
equipment. * / 

Current (I) is the rate of the electron movement. 
Current may be simply described/ as the rate of 
movement of electrons in a circuits. The basic unit 
of measurement for current is the ampere. Elec- 
trons move from negative to positi\e in a circuit. 

Resistance (R) is opposition to the movement of 
electrons (flow of current) and \is measured in 
ohms. All components in a circuit, including wires, 
have some resistance. Electric motors, appliances, 
and other electrical devices have resistahce. Resist- 
ance is the property limiting the flow of current in 
a closed circuit. 

Scientific Principle Involved: 
Ohm's Law ^ 

The movement of electrons in an electrical 
circuit occurs when voltage overcomes resistance, 
causing current to flow. Voltage is the pressure 
that causes the flow of current (movement of 



electrons). Resistance is the opposition offered by 
the circuit to the flow of current (movement of 
electrons). Current is the movement of electrons. 
Ohm's law states the relationship of voltage, 
current, and resistance as follows: Voltage = 
current X resistance. 

Ohm's law plays an important role in the 
checking of automotive and other electric circuits^ 
When electric meters are used to measure the 
voltage, current, and resistance in a circuit. Ohm's 
law is applied. Voltage is measured in volts, current 
in*^mperes (amps), and resistance in ohms. The 
symbols or letters used to represent voltage, 
current, and' resistance are E fq/ voltage, / for 
current, and R for resistance. The relationship 
Voltage = current X resistance can also be 
expressed as E = I X R. When the voltage and 
resistance are known', the amount of current is 
found by using / = E R; when the voltage and 
current are known, the resistance is found by using 
R = E I. Some practical examples are given as 
follows: 

1 . A headlight has a resistance of 4 ohms. When 
it is connected to a 12-volt battery, how 
much current will it draw? 

I = E R; I = 12 4; I = 3* amperes 

2. A 12-volt battery delivers 100 amperes to a 
starting motor. What is the total resistance of 
the starting circuit? 

R = E^I;R'= 12^ 100;R=.12 ohms 

3. A poorly connected battery cable has a 
resistance of 1 ohm. How much voltage will 
be required to push 300 amperes through this 
bad connection? 

E = I X R; E = 300 X 1:E = 300 volts 

Application of Principle 

1 . Voltmeters, ammeters, and ohmmeters can be 
used to measure efectrical conditions in cir- 
cuits. An ohmmeter is used to measure the 
resistance^ of an open circuit. A voltmeter is 
used to pleasure the voltage drop between 
two points in a closed circuit and the total 
circuit voltage. An ammeter is used to meas- 
ure current flow in a closed circuit. 

2. Af^f&per meter should be used to determine 
sources of resistance in the starting circuit of 
an automobile, including (a) corroded termi- 
nals; (b) broken insulation; and (c) frayed or 
broken wires. 
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3. Determine the resistances of resistors by 
reading the color codes and checking with an 
ohmmeter. 

Selected References . 

Notei^She numbers in parentheses in this section refer to 
entries in the list of selected references that appear within 
this publication immediately after the text. 

(13), 'pp. 490-91; r26>l, pp. 299-303; r27>l, p. 473; 
(33), pp. 36-38; (47), pp. 31-32; (58), pp. 15-59; 
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Series and Parallel Circuits 
Electrons move (current flows) from a high- 
potential point (excess of electrons) to a low- 
potential point (deficiency of electrons). The path 
or -paths followed by the electrons or current is 
calleff the electric circuit. All circuits must contain 
a so'tiVce of electromotive force to bring about the 
difference of potential that causes electrons to 
move (current to flow). This source may be an 
electric cell, a mechanical generator, or another 
device that provides electric power. All paths of 
the circuit lead from the high-potential (negative) 
end of the electromotive source to its low-potential 
(positive) end. 

The electrons (or current) in a circuit, follow 
paths provided by solid conductors, liquids, gases, 
vacuums, cr any combinations of these. Its path 
may include electric lights, heaters, motors, or any 
other of the many devices requiring electricity. 

The three general types of electric circuits arfe 
(1) the series circuit, which provides a single, 
continuous path for electrons to move (current to 
flow) from the negative side of the electromotive- 
force s6u£/PK to the positive side; (2) the parallel 
circuit, which provides two or more parallel paths 
for electron movement (current flow) from nega- 
tive to positiv\; and (3) the series-parallel circuit, a 
combination of the otlter two. 

Scientific Principle Involved: 
Direct-Cunent Circuit 

In a series circuit the current flow is the same in 
all parts of the circuit; the total resistance is equal 
to the sum of the individual resistances; and 
voltage is equal to the ' sum of the potential 
differences across each of the ^dividual resist- 
ances. In a parallel circuit the voltage is the same 
across all resistances; the total current is equal to 
the sum of the currents through its branches; and 
the total resistance is equal to the voltage across 
the resistances divided by the total current in the 
circuit. , 



- R2 

■AAAr-i 



EMF 
source 



Series circuit 







\ 


\ 1 


EMF 
source 


Parallel . < 
circuit ? ^ 




+ 


2^^^-^ { 





Ri 



EMF 
source 



Series- 
parallel I 
circuit 



R2 i > 



Electrons move from the negative side of the power 
source (EMF) through the resistances and back to the 
positive side of the source. In the series circuit the 
electrons, move through resistors and (load); in 
the parallel circuit, through R^ and R^; and in the 
series-parallel circuit, through R^ (in series) and then 
throughjR^ and R^ (in parallel). 

Application of Principle 

1. Trace, check, and measure cir(iuits in elec- 
trical systems and devices. 

2. Hook up series,*sparallel, and series-parallel 
circuits by using lengths of wire and light 
bulbs or other resistances to prove the rela- 
tionships between voltage, current, and resist- 
ance in th'fese circuits. 
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(86). pp. 55-51. 
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Unit 25 - TRANSFORMERS 



Transformers are most often used where elec- 
trifcal voltage needs to be either increased or 
decreased. Power transformers used to increase or 
decrease voltage are classified as step-up or step- 
down transformers. A very common application of 
a step-down transformer can be found in the model 
train transformer or the doorbell transformer, 
where the 120-volt' alternating current used in 
home electrical circuits is reduced from 8 to 24 
volts. An example of a step-up transformer used to 
increase voltage is thft transformer connected to a 
neon sign which will increase 120 volts to the 
several thousand volts necessary for the operation 
of the sign. Many electronic devices, such as radios, 
stereos, tape recorders, and television sets, use 
power transformers to increase or decrease voltage 
to the desired amounts. 

Power transformers consist of two or more coils 
of wire wound around a laminated metal core. The 
winding carrying the current from the source of 
electrical power is called the primary winding. The 
other winding or windings which carry the induced 
voltage are called secondary windings. A trans- 
former may have one oV more secondary coils 
which step up or step down the voltage. 

The two leads of the primary winding are 
connected to the source of power, which must be 
an alternating current or an interrupted direct 
current. The current through the secondary coil or 
coils is known as the induced current, and its 
voltage is known as the induced voUage. If the 
number of turns of wire in the secondary coil 
equals the number of turns in the primary coil, the 
induced voltage will be the .same as the voltage 
applied to the primary coil. If the number of turns 
in the secondary coil is less than the number in the ^ 
primary coil, the voltage will be reduced; and if the 
number of turns in the secondary coil is greater 
than the number in the primary coil, the voUage 



will be increased. Thus, the rStid^f the voltage 
induced in the secondary coil or coils to the 
voltage applied to the primary coil is the same as 
the ratio of the number of turns of wire in the 
secondary coil to the number in the primary coil. 



Scientific Principle Involved: 
Electromagnetic Induction 



f 



An electric current flowing in a wire produces a 
magnetic field around the wire; the greater the 
movement of electrons, the greater is the strength 
of the magnetic field. A coil of insulated wire 
carrying- an electric current becomes an ^electro- 
magnet whose strength is determined in direct 
proportion to the amount of current and the 
number of turns of wire in the coil. Using a 
permeable steel core also greatly increases the 
strength of the electromagnet because the core 
itself becomes a strong temporary magnet. Revers- 
ing the movement of electrons in the coil reverses 
the magnetic field of the coil. 

Moving a magnet perpendicular to a wire pro- 
duces the movement of electrons along the wire. 
Moving a magnetic field through a coil of wire 
induces an electromotive force in' rhe coil. The 
strength of the electromotive foice is in direct 
proportion to the rate of change of the magnetic 
field and to the number of turns of the coil. 
Reversing the magnetic field reverses the direction 
of the induced voltage. 

In a power transformer the changing magnetic 
field that is produced by the alternating current in 
the primary induces an alternating electromotive 
force of the same frequency in the secondary. 
Since the rate of change of magnetic flux is the 
same for both the primary and secondary windings, 
the vohage^tio is the same as the ratio of turns of 
wire in the coils. 
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The step-up transformer (left) and the step<iown transformer (right) show the direct relationship of the number 
of turns of the coils to the voltage. ^ 
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In an i^Jfltion coil </-^lh/iautornobile, the voltage . 
;(«^or* 12 vofis)\ot the sto'^ge battery is trans- ^ 
jfonned.^MF stepped up to the^igh voltage jequif^ 
to raaket the current j^Sfnp the spark-plug g^p^Th) 
ignition (toil Kas a pfllhary circuit nSade 'up -^^^ 
winding, of a .few hpndtted turiisl^f jelatively^h.e.^^^ 
wire an4a secondary circuit /rnade up of a wifjfd™ 
of many thoiisands of turns qi'Tine Wire. Whl^^Jha^ 
distributor contact, points cj^se and ct»rrent flow/, 
in the primary circuit, a ma^etifrvheWiJ^iW^^^^^ 
When the distributor contact points opeh aritiJhe 
current stops flowing', .the. magnetic CLeld^-collapses. 
The collapsing magnetic field induces high volfage 
in the secondary winding. This induction ^eates 
the high-voltage surge that is conducted\,through 
the distributer rotor and cap to a spark plug.. 

The increase in voltage in the step-up trans- 
former and the autoriiobile ignition coil is accom- 
panied by a corresponding decrease in current so 
that the power output (volts X amperes) cannot be 
greater than the power input. These devices are 
highly efficient (95 percent or better) since losses 
of energy are relatively small in the form of heat 
due to resistance of the windings, eddy currents, 
and hysteresis in the laminated and highly perme- 
able core. 

Application of Principle 

1. Electromagnetic induction can be demon- 
strated by connecting a coil of wire to a 
galvanometer and moving a permanent mag- 
net past or through the coil of wire. Induced 
vohage increases as the speed of the magnet is 



increase(l,\^a Jth^ direction of Curreat flow 
(indicati5^^^th« defl^ctiori^ of . tnCneedle) 
chan^y^^^^^^ -iiirexjtion .of the .:Hiagngt^is 
^haiige^. ' ' ' r^^^ \ " 

.A^2^phic 'illustrati6n of ;hqw an' eledtro- 
ma^iet .^yili ^devjelop av^.^fflfi^* field can be 
b^iwd hy conf]^ting-the i^tion coU of an 
autontbbile to(^;^ltery an^ the high tension 
lead t6/:a spariTpjug/^ A sj?^ appears at the 
" wk-plUg 8^;/Las tlie flow of electricity is 
^errupted.^un automotive ignition capacitor 
-^ced aci!^ the switch ,diajiges.the spark as 
it arcs iJie ^ap, .t-his Change demonstrates an 
increase iri'vbltage. 
3.Thef^0Ubwing'pjocedure can be used to 
illustr^fiJ:^ dectease'm voltage: first, connect a 
doorbell trai\sformer to the ordmary 120-volt 
house current; then connect a voltmeter 
\cross the output terminals and observe the 
voltage, which should be approximately 15 
volts (dependmg on tfie specific transformer 
used). ' 
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Unit 26 - SPARK PLUGS 



Spark plugs, which produce high-voltage sparks 
to ignite combustible fuel mixtures, are found in 
devices such as furnaces, heating units of stpm 
cleaners, and internal-combustion engines. The 
spark plug consists of a steel shell in which is 
fastened a porcelain msulator. (An insulator is a 
nonconductor, a material through which electricity 
will not pass.) An electrode runs through tiie 
center of this insulator and another electrode 
extends out from the bottom of the steel shell to a 
position close to the center electrode. When the 
spark plug is used in the ignition system of an 
automobile, the shell is' screwed into the cylinder 
head, and the wire from the distributor is con- 
nected to the top of the center electrode. The 



electricity (the voltage boosted by the coil) travels 
down the center electode and jumps the gap to the 
other electrode. Then it travels to the engine block 
and back to the coil through "ground." The fuel 
mixture is ignited when the electric spark jumps 
the gap between the electrpdes at the proper time 
near the end of the compression stroke. 

Spark plugs are classified accordmg to a heat 
range which indicates their ability to transfer heat 
from the firing tip of the msulator to the cooling 
^ system of the engine. The rate of heat transfer is 
controlled basically by the distance the heat must 
travel to reach the cooHng medium. A "cold" plug, 
which has a relatively short insulator nose, trans- 
fers heat very rapidly into the engine's coolmg 
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system. Such a plug is used in heavy-duty or 
continuous, high-speed operation to^void 
heating. A "hot" plug^ which has a niuch longer 
insulator nose, transfers heat more slowly away 
from its firing end. Thus it runs hotter and bums 
. off coiibusjion deposits which might tend to foul 
the plug Tjuring prolonged idle or low speed 
operation. Because the operating temper<fti!res of 
spark plugs vary in different engines and under 
different engine service conditions, the plugs are 
made in several heat ranges. * 

Scientific Principle Involved: 
Ionization of Gases 

Dry air at atmospheric or higher pressures is 
such a poor conductor of electricity that it can for 
practical purposes be considered an insulator for 
low voltages. The atoms that compose the mole- 
cules of any gas occasionally lose an electron and 
become positive ions. Thus, ther^ are always a few 
positive ions and free electrons present in the air. A 
higher percentage of these electrically charged 
particles is normally present in heated gases, such 
as the compressed fuel-air mixture in the combus- 
tion chamber of a gasoline engine. The high voltage 
of the ignition coil produces strong electrical forces 
on the electrically charged particles in the gap 
between the electrodes. Free electrons accelerating 
rapidly toward the positive electr^ode collide with 
molecules of the gases, causing further ionization 
and a movement of electrons across the gap. Rapid 
interactions among the ions and molecules of the 
gases result in the release of heat, light, and sound 
energy in a spark discharge similar, but on a smaller 
scale, to the discharge of lightning between a cloud 
and the earth. This energy released in the gap of 
the spark plug is sufficient to ignite the fuel-air 
mixture in the combusion chamber. 

Application of Principle 

, Compare the test results obtained on a spark 
plug cleaning and testing machine, using a new and 
'a used spark plug. Remove, test, clean, and reinstall *- 
spark plugs a^cordint to the procedures that follow: 

1 . Loosen the plugs for one or two turns with 
a spark-plug wrench or a deep-socket 
wrench. 

2. Blow the dirt out of spark-plug ports. 

3. Remove the plugs the rest of the way, 
„keeping them in their respective order. 

4. Analyze visually the condition of the spark 
plug (normal^ oil-fouled, too hot, too cold). 



5. Clean the exterior of the plugs in solvent to 
remove grease and dirt. Allow to diy. 

6. Clean with the spark plug cleaning 
machine. 

7. Open the spark-pUig electrode gap and file 
the electrodes to obtain clean, bright spark- 

. ing surfaces. 

8. Reset the spark-plug gap to proper specifi- 
cations, using the wA"e-type gauge and 
bending the side electrode only. 

9. Use a spark plug cleaning and testing 
machine. Compare sparking efficiency with 
a new plug. 

10. Place the spark plugs (with new gaskets) 
'back in the engine, tightening them to the, 
recommended torque. 
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It is essential that the spark plugs be the right type 
for the engine in which they are used (Champion 
Spark Plug Company, Toledo, Ohio). 
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Unit 27 - IGNITION SYSTEMS 



The purpose of the ignition system is to develop 
and deliver high-voltage electricity so that the 
spark plugs in the engine cylinders can deliver a 
high-voltage spark to ignite the air and gasoline 
mixture at the proper time. The ignition system 
consists of a battery, ignition switch, ignition coil, 
distributor, spark plugs, and wiring. 

The very high voltage needed to jump the gap of 
the spark plugs is obtained from the ignition coil. 
This coil is a step-up transformer that steps up the 
voltage to over 20,000 vo^s. The battery supplies 
the vojtage to the primary circuit of the ignition 
coil. However, since pure direct current cannot be 
used to induce a voltage in the secondary of a 
transformer, it is necessary to start and stop the 
battery current. I 

The starting and stopjping or opening and closmg 
of the primary circuit of the ignition coil is done 
by the distributor, which is usually driven by the 
engine camshaft. The distributor has a set of 
cb'ntact points that are opened and closed by a 
rotating cam wjjjch has the same number of lobes 
as the engine has cylinders. The camshaft, which is 
driven by the engine, rotates at one half the speed 
of the crankshaft. This opening and closing of the 
contact points by the cam starts and stops the 
current flow in the primary of the ignition coil so 
that voltage is induced into the secondary coil. A 
capacitor (condenser) is placed across the points to 
prevent the burning of the contact points and to 
reduce arcing. 

The distributor delivers the high voltage pror 
duced by the secondary of the ignition coil to the 
correct spark plug at the proper time. This delivery 
is accomplished by the rotor in the distributor. The 
rotor attached to the distributor shaft is connected 
directly to the output of the ignition coil. As the 
rotor turns in the distributor, it moves from one 
contact point to the next in the distributor cap. 
Each of the contacts in the cap is connected by a 
high-tension cable to a different spark plug. Thus, 
as the rotor turns, it distributes the high-voltage 
surges first to one spark plug, then to another, and 
so on, according to the engine firing order. 



High-compression engines require a higher volt- 
age at high speeds for efficient ignition of the fuel. 
In the conventional system the points open and 
close quickly,. and the primary coil does not, have 
time to build up to a very high voltage. Other 
defects found in this system are the limited life of 
the points and capacitor, along with the main- 
tenance necessary to keep these units in working 
condition. 

* The transistorized ignition system eliminates 
these defects and provides far more dependable 
service than could be obtained from the conven- 
tional system. The transistor, which is capable of 
handling large amounts of current, switches the 
primary circuit on and off so that the points carry 
only a very small current. Since the points carry 
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The ignition coil in a typical ignition circuit is shown 
schematically, with the magnetic lines of force 
indicated (Delco-Remy Division, General Motors 
Corp.). 
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such a small portion of the total current, arcing 
between them is eliminated and a capacitor is not 
required. However, a special coil with a higher 
• turns ratio and current rating must be used. 

Some transistorized ignition systems do not use 
a contact point in the primary circuit. Instead, a 
magnetic pickup coil is used to time the transistor 
current flow for the primary circuit. A permanent 
magnet ring is mounted on the top of the 
distributor shaft. This magnet has the same number 
of teeth as there are cylinders in the engine. Inside 
of the permanent magnet is a pickup coil that is 
wound around a steel core; which ilso has teeth. 
Each time the teeth align, the magnetic lines of 
force from the permanent magnet cut through the 
turns of wire in the pickup coil. This activity 
produces the same effect in the primary circuit as 
does the opening of the contact points. The 
specialized transistorized circuit connected to the 
pickup coil acts as a current amplifier and switch 
to turn the primary coil circuit off and on. 

Scientific Principle Involved: 
Electromagnetic Energy 

When the primary circuit of the ignition coil is 
interrupted by the opening of the points in the 
distributor, the magnetic field produced in the core 
of the ignition coil collapses rapidly. The change in 
flux induces a high electromotive ' force in the 
secondary winding, whose voltage ratio, compared 
to the voltage of the primary, is the same as the 
ratio of the number of turns in the secondary 
winding to the number of tujns in the primary. 

The capacitor (condenser) consists of two con- 
ducting plates separated by an electrical insulator, 
usually two strips of metal foil separated by wax 
paper wound into a roll. It operates on the 
principle that an electrical charge placed on one 
plate of the conductor induces an opposit^ charge 
in the other plate, which is connectejk^^|oiyjd^. 
These opposite charges on the pl§tJB)^B^^clr-" 
other so that additional charges-^pT ty'aSwdr to 
the charging plate. When the primary currenKto 
the induction coil is interrupted, the collapsing, 
magnetic field induces a current in the primary^ 
winding as well as in the secondary. Rather than 
arc across the points, the primary current charges 
the capacitor. The capacitor then discharges back ' 
through the primary coil when the pqints are again 
on thZmake^ 

The high voltage on the center electrode of the 
spark plug produces a high rate of ionization of the 



gases in the fuel-air mixture in the combusion * 
chamber. Sufficient force is supplied to the 
charged particles (ions) by the electric field to 
produce enough energy in the spark discharge 
across the gap to ignite the mixture, producing 
heat energy in the expanding gases as a result of 
the chemical reaction in the burning fuel. 

The magnetic pickup coil used in some transis- 
torized ignition circuits operates on the principle 
of electromagnetic induction, which produces an 
electromotive force whenever the flux through the 
coil changes. However, since this current is rela- 
tively small, timed voltage pulses are used to vary 
the biaff^Qn the transistor base to control the 
^plitu^e the current through the primary 
circuit. 

Ignition systems used on intemal-combusion 
engines may be categorized as (l)the hot-tube or 
glow-plug types used on model airplane and diesef 
engines; (2) the magneto type; (3) the transis- 
torized ignition; (4) the capacitor-discharge type^^ 
(5) the pulse pickup type; and (6) the conventional 
automotive-type ignition system. There are many 
other applications for ignition systems which 
employ the same basic principle; an example is the 
ignition" system used for automatically fired gas 
furnaces, heaters, or steam cleaners. . 

Application of Principle 

The students can do the following things: 

1 . Measulfe the voltage in the primary cirucit 
(approximately 6 to 12 volts in the automo- 
bile) and cohipare it to the measured second- 
ary voltage (approximately 25 to 30 thousand 
volts, as measured with an oscilloscope). 

2. Measure the voltage in as many ignition 
systems as are available and compare their 
primary and secondary voltages. 

^^^.--^rSleasunMthe amperage flowing in the primary 
arid secondary circuits of the conventional, 
transistorized, and <magneto-ignition systems. 
Compare the amperage flowing in the pi^imary 
- of each system and discuss the implications of 

^^^^ this comparison. 

4. Tlemonstrate glow-plug ignition by connecting 
a model airplane glow plug to a 6-volt battery 
and observing the small coil of wire as it 
becomes red hot. 

5. Examine and repair various ignition systems 
and their individual componefits. 
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Unit 28 - ELECTRIC MOTORS 



An electric motor is a device that converts 
electrical energy into mechanfcal energy. Because 
of its ease of operation, efficiency/N:Qnvenience, 
and economy of operation, it is used exteltstveiyv{n 
industry, in business, in the homfcvand in tn^ 
automobile. Electric motors range in size^om very 
small motors used to run electric clocks to very 
large motors used to operate industrial conveyor- 
belt systems.\ 

Electric motors havie a variety of characteristics, 
each of which is selected to meet the requirements 
that it must fulfill. The automobile^has several 
different types of direct-current motors. One starts 
(cr^mks) the engine, another operates the blower of 
the heating/refrigeration system, and another raises 
and lowers the windows. 

The motor used* to start the engine in an 
automobile is a series-wound motor in which the 
field coils are connected in series with the armature 
coils. Series-wound motors have the advantage of 
<.developing a tremendous torque, which is essential 
when starting an automobile engine. Shunt-wofmd 
' motors, which have the field coil connected in 
parallel with tljie armature coil, are used where 
constant speed is desired, such as for blowers. 
Another direct-current motor is called a 
.compound-wound motor since it has one field coil 
in series with thfe armature and another in parallel 
with it. The compound-wound motor combines the 
starting torque of the series-wound motor with the 
constant speed of the shunt-wound mojor. A 
rheostat is used to control the'ncurrenf flow iy 
order to vary the speed of a direct-current motor. 

The alternating-current motor is used exten- 
sively in the home and in industry, where alter- 
nating current is readily available. Alternating- 
current motors are usually classified as induction, 
universal, and synchronous motors. 

The induction motor is the most common type 
used to operate industrial equipment such as drill 
presses, lathes, and grinders. Household equipment, 
such as washing machines, dryers, refrigerators, and 
disposals also uses induction motors. These motors 



ERIC 



are trouble-free and do not use the commutators or 
brushes found in direct-current motors. Induction 
motors require a starting system in order to get 
them rotating. There are a number of different 
systems used for this purpose. One of the most 
^common methods of starting an induction motor is 
through the use of two sets of stationary windings. 
One winding is called the running winding and the 
other the starting winding;.jj^he starting winding is 
automatically disconnected from the circuit after 
the motor is in motion. 

The universal motor is used where variable 
speeds are desired; it can be found in electric 
mixers and sewing machines. A rheostat is used to 
control the speed of a universal motor. The 
"synchronous motor is used where constant speed is 
desired. The electric clock, which uses a syn- 
chronous motor, has a stator and a rotor with 
muhiple poles. 

Scientific Principle Involved: 
Electromagnetic Induction 

An electric current Rowing in a wire produces a 
magnetic field around the wire.^If the wire is 
placed at right angles to a magnetic field, the 
interaction of the two magnetic fields produces a 
force on the wire, tending to move the force across 
the magnetic field. The amount of the force is 
directly proportional to the strength of current in 
" the wire," .the strength of the magnetic field in 
which it IS placed, and the length of the wire. The 
direction of the force is determined by the 
direction of the movement of the electrons in the 
wire and the direction of the magnetic field in 
which the wire is placed. This interaction between 
magnetic fields is the underlying principle for the 
operation of all electric motors, where the attrac- 
tions and repulsions between the magnetic fields of 
the armature (rotor) windings ar^ the field (stator) 
produce^he torque which tujhs the motor. The 
torque of the motor dep^nds^n the strength of the 
current, the number ot windings in the armature, 
the number of tunis in each winding, and the 
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strength of current and number of turns, iJI the 
field coils. All direct-current motors utilize a 
commutator and brushes to change the direction of 
current flow in the armature coils at just "the right 
instant during the cycle in order to maintain the 
rotation. Direct-current motors may be reversed in 




Field 



Field 



DC input 



The diagrams show the wiring of (1) a direct-current 
series-wound motor; (2) a direct-current shunt-wound 
motor; and (3) a direct-current compound-wound 
motor. 



the direction of rotation by reversing the current in 
J^ither the armature or in the field windings, but 
not in both. T^ie series-wound direct-current motor 
can be operated on alternating current because r 
both the armature and the field windings change 
polarity simultaneously in step with the alterna- 
tions in the current. 

The induction motor operates on alternating 
current only because the motor depends on the 
alternating magnetic field produced by the current 
in the stator to induce an alternating current in the 
rotor conductors. The current induced in the rotor 
is opposite in direction to the stator ^current; 
therefore, their fields are in direct opposition to 
each other. However, since a torque is necessary to 
produce rotation, the starting coil must have a 
current which is out of phase with the stator 
current. This' change of phase of the stator coil is 
accomplished by either a capacitor or an induction 
coil, which causes the current to eilher lead or lag 
-the impressed Voltiage. When the rotor approaches 
near-synchronous speed, the stator current is 
interrupted, and the alternations in the main stator 
coil which are out of phase with the induced 
current in the rotor will continue to supply torque 
to maintain the rotor at near-synchronous speed. 
The synchronous motor is a constant-speed motor 
because its speed of rotation is determined by the 
frequency (cycles per second) of the alternating- 
current power supplied to the stator and the 
number of poles on the rotor, in accordance with 
the formula rpm f X 120 p, where / = 
frequency of alternating current in cycles per 
second and p = number of poles. 

Variable speeds are obtained in direct-current 
and universal aUemating-current/direct-current 
motors by controlling the amount of current with 
a rheostat. 

Since the electric motor is similar in construc- 
tion to the electric generator, the rotating motor 
produces a current which opposes that being 
supplied to the motor. This opposition accounts 
for the fact that more current is required for 
starting an electric motor than for operating it at 
its designed speed. 

Application of P?inciple 
1. Laboratory activities involving all of the 
various types of electric motors would be 
virtually impossible. However, a list could be 
made identifying electrical motors by their 
type and utilization, such as AC, DC, induc- 
\ tion, synchronous, series, shunt, and others; 
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and the advantages and disadvantages of each 
could be discussed. Skills could be applied 
and the understanding of technical informa- 
tion extended througll'disassembly, testing, 
and study of the various circuits involved. 

2. A simple demonstration which indicates the 
relationship between the amdunt of current 
required and the load applied to the motor is 
obtained by connecting to a battery an 
intern al-£ombust ion-engine starter motor 
which -^as been removed from the engine, and 
measuring the amperage required by the 
free-running starter motor. Next, the ammeter 
is connected to a starter motor which is 
installed on an engine,' the engine is started, 
and the amperage required to turn the starting 
motor now that the load of the engine has 
been added is noted. The two amperage 
readings are compared and their implications 
are discussed. 

3. Another common application involves varying 
the speed of electric motors, Sewing 
machines, as well as automobile-heater and 
air-conditioning blower-motors, utilize a 
motor which requires a varying speed. The 
circiiits of such motors could be analyzed and 

* discussed, such points being discussed as the 



necessity for variable speed and the precise 
means of accomplishing such speed. The 
various components, such as the brushes, 
commutators, and rheostats, which make 
- possible the varying of the speed of an electric 
motor, can be physically examined. 
4. Opposed to an electric motor, which must 
operate at an infinite number of revolutions 
per minute, the synchronous motor must 
maintain continuous revolutions per minute. 
The rpm of the Synchronous motor is con- 
trolled by the frequency of the alternating 
current and the number of poles in the motor. 
An example of a synchronous motor which 
should be examined is an electric clock. 
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Unit 29 - 

Scientists are Working constantly to firf^. new 
methods for generating electrical power. One 
method that has great promise is the fuel cell. This 
cell has been used to develop electrical power 
inside spacecraft "that have carried astronauts into 
outer spacs^- 

Fuel cells produce a continuous flow of electric- 
ity by meajis of chemical action. These cells create 
electric energy with greater efficiency than do 
most other electrical generators. A fuel cell can 
produce electricity as long as it is fed fuel 'along 
with oxygen or air. Dry-cell batteries work on a 
similar principle but cannot be fed continuously 
with fuel. 

The fuel cell consists of electrodes; an electro- 
lyte; a fuel, such as hydrogen gas; and an oxidizing 
agent, such as oxygen. In the hydrogenK)xygen fuel 
cell, catalytic nickel is used for electrodes, and the 
electrolyte is potassium hydroxide. Oxygen is fed 
to the positive electrode jmd hydrogen to the 
negative electrode. The result of ihp chemical 



FUEL CELLS 

actionMn the cell is the production of water, which 
must We removed to maintain the proper electro- 
lyte obncentration. The voltage output is approxi- 
mat^y 1 volt per fuel^ 11; Because of the high cost 
of/producing a fuel dfcll,' its use is limited at the 
n/resent time. S 

\ In Gemini space^pf^ft the smallest active element 
of the fuel-cell battery is the thin individual fuel 
cell, which is 8 inches long and 7 inches wide. Each 
cell' consists of an electrolyte-electrode assembly 
with associated components for gas distribution, 
current collection, heat removal, and water ccm- 
trol. In the fuel-cell battery for the Gemini, 32 
cells are series-connected to form a module. Termi- 
nal plates installed on the ends of the two outside 
cells in the -module serve as electrical connectors 
for the external circuitry. Each module has its own 
hydrogen and coolant manifold as well as its own 
water-oxygen separator. Three modules containing 
a total of 96 single fuel cells are installed in a 
cylindrical container to form a compact fuel-cell 
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battery. The three modules are electrically inde- 
pendent and are connected in parallel through 
connections to the main electrical bus. The fuel- 
cell . batteries may also be connected in parallel 
^th the reentry batteries. Fuel cells are highly 
efficient; they have an overall thermal efficiency of 
more than 50 percent. They are capable of 
producing more electricity per pound of fuel than 
all but nuclear devices. The fuel-cell batteries are 
silent,, fumeless, and operable without moving 
parts. ^ 

Scientific Principle Involved: 
' Electrochemical Effect 

The fuel cell is an electrochemical cell in which 
the energy of the chemical reaction between , 
oxygen and^ a gaseous fuel such as hydrogen, ' 
natural gas, or carbon monoxide is converted 
directly into' low-voltage^ direct-current electrical 
energy. ,^the hydrogen-oxygen cell, hydrogen gas 
passes through the porous nickel electrodes and 
reacts with the hydroxide ions of the electrolyte. 
This reaction forms water and gives up electrons'to 
the electrode. When an external circuit is com- 
pleted to the oxygen-fed. electrode, these electrons 
move to this electrode and enter into the chemical 
reaction, where the oxygen reacts with water to 
form negatively charged hydroxide ions. These ions 
replace those which were used up at the hydrogen- 
fed electrode. The net result of these reactions is 
the combination of hydrogen and oxygen to form 
water in the cell and the movement of electrons 
'from the hydrogen-fed cathode to the oxygen-fed 
anode. In addition to' acting as an electrical 



conductor, the porous nickel in the electrodes 
serves as a catalyst by breaking down molecules of 
the hydrogen and oxygen gases into separate 
atoms, helping to speed up the chemicdl reactions 
at the electrodes. Since th6 electrodes do not enter 
into the chemical reaction in this cell, they do not 
deteriorate as in the conventional electrochemical 
cell. . 

In Gemini spacecraft, ion-exchange membrane 
fuel cells convert th6 energy of the chemical 
reaction of hydrogen and oxygen directly into 
electricity. Unlike conventional batteries, fuel-cell 
batteries will continue to operate as long as 
hydrogen and oxygen are fed from an external 
source. The structure of the fuel cell contains an 
anode and cathode, which are in contact with a 
solid plastic electrol||fe^ (ion-exchange membrane) 
that permits the exchange of hydrogen ions 
between electrodes. In the presence of a metallic 
catalyst, hydrogen gives up electrons to the load 
(where they do useful work as an electric current) 
while releasing hydrogen ions, which migrate across 
the electrolyte to the cathode. There the ions 
combine with oxygen and electrons from the load 
circuit to procfuce water, which is carried off by- 
wicks to a collection point. Ribbed metal current- 
carriers are in contract with both sides of the 
el&ctrodes to conduct the produced electricity. The 
fuel batteries and 'the fuel and oxidant supply are 
located in the spacecraft-equipment section. Total 
consumption is approximately 0.9 pound per 
kilowatt hour. Fuel and reactant flow is regulated 
to delivery pressure by a dual pressure regulator 
and relief valve. By-product water from the fuel- 
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The hydrogervoxygen fuel cell uses 
catalytic nickel electrodes and an 
electrolyte of potassium hydroxide.' 
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cell battery provides a pressure reference for the 
reactant gases. , 

Application of Principle 

Fuel cells are classified as one of the more exotic 
power sources in use today. Most of the fuel cells 
produced are used for scientific experimentation 
and military or specialized industrial applications. 
One source of information concerning laboratory 
activities relating to various types of fuel cells is 
contained in the laboratory manual (pp. 135-40) 



for the^loTlowing book, which was written by 
Joseph W. Duffy: Power: Prime Mover of Tech- 
nology (First edition). Bloomington, 111.: McKnight 
&McKnight Publishing Co., 1964. 
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Unit 30 - PHOTOELECTRIC .CELLS 



Some modern automobiles have automatic head- 
light dimmers and automatic light switches. These 
devices are operated by a photoelectric cell, which 
is used to convert radiant eneiigy into a flow of 
electric current. 

The first photoelectric cells used the photo- 
electric vacuum tube as thfe^ control device. The: 
photoelectric tube can provide electric current for 
operating devices that will turn on burglar alanTis,^ 
open doorVpi^^-tt^ sound in the sound motion- 
picture projectors, and control a variety of devices. 
Certain materials (such as potassium, sodium, 
selenium, and cesium) will give off small quantities 
of electrons when held in ordinary light. When 
light is focused on the material in the vacuum tube, 
a positive anode will attract the electrons which arc 
emitted. The current flow in the phototube, which 
is very small, is usually increased by an amplifier. 
The output of the amplifier can be con'nect^^ ^ ^ 
relay that will turii a circuit on or off. 

Most present-da^ photoelectric cells use solid- 
state materials in which ^. small voltage can be 
produced when light shines on the material. These 
solar cells, called photovoltaic cells, use two types 
of material which generate a voltage at a junction 
between the materigfwhen light shines on the 
surface. A good example of such a device is the 
light meter used in photo_graphic meters where the 
output of the cell is connected to a sensitive 
galvanometer. The stronger the light, the greater is 
the voltage produced by the cell. The increase or 
decrease of the cell v()ltage is determined by 
reading the needle movement in the galvanometer. 

The automatic headlight switch used in th^^ 
automobile tLy^ns the car lights on or off according- 
to the light level. As evening approaches and \ 
daylight is reduced to the point where lights are 



needed, the photoelectric cell turns the car lights 
on. The photoelectric cell, which is mounted, 
behind the windshield, is exposed to the light. This 
cell is connected^^o^ transistor artiplifier circuit 
which operates a sensitive relay. This relay is 
connected to a power relay that turns on the car 
lighting syst^HvT ^ 

Scientific Principle Involved: 
Photoelectric Effect 

Photoelectric devices (depend on the absorption 
of incident light (infrared through ultraviolet) by 
electrons in the sensitive material to alter the 
electric characteristics of the material. According 
to the quantum theory of lighf, photons are the 
small bundles of energy or quanta associatHl with 
light radiation. Since the energy of the photon 
depends on. the frequency of the light wave, 
photons of ultraviolcf light (higher frequency) have 
more energy than visible and infrared light. When 
an electron"" in a material absorbs a photon of 
radiant energy, it may be released from its bonds 
within the material, and its energy of motion will ^ 
depend on how much energy it absorbs from the 
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Light falling on certain metals, such as selenium or 
cesium, produces an electric current. 
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pfioton and how much of that energy was used in 
breaking the bonds. The magnitude of the photo- 
electric effect is determined by the intensity 
(number of photons) of radiation absorbed. 

In the vacuym or gas-fiUed phototube, the 
sensitive* element (cathode) is coated with a metal, 
such as potassium or cesium, which emits electrons 
from the surface when subjected to incident light. . 
These photoelectrons are accelerated toward a* 
positive anode in the same, way as in the conven- 
tional electron tubeT" 

Photocells which use^ a' single semiconducting 
material, such as selenium or cadmium sulfide, 
depend on the ' photoelectric effect to produce 
pairs of free electrons and positive holes within the 
material. This increase in the number of free 
electrons and positive holes results in the propor- 
tional increase of conductanqe of the cell in the 
battery-powered circuit. 

Photovoltaic cells, such as fhe solar cell, use two 
different semiconducting materials in contact with 
each other to form an N-P aanier, tn the N-type 
material, such- as selenium- silicon, conduction is 
due to excess free electrons; in the P-type material, ' 
such as bordn-silicon, conduction is due to thee 
exc'ess^o^tive^holes. This separation of electrical 
chairges produces an electrical field across the 
barrier. When light is absorbed at the barrier ' 
region, new pairs of free electrons and positive 
holes.are produced by the photoelectric effect. The 
increa*se' in theViuijiber of free electrons in the 



P-type^aterial allows the more energetiq electrons 
to move across the barrier into the N-type material, 
where they are free to move and deliver electrical 
power in the external circuit. 

Application of Principle 

1. Demonstrate the- characteristics of photo- 
voltaic cells- by connecting a cell (silicon, 
selenium, or the like) to or milliammeter. 

. Expose the cell to ordinary light and observe 
the action of the milliammeter (0-1). Vary the 
^ intensity, of th^light and note the meter 
readings also vary in direct proportion to the 
, intensity of light striking the photovoltaic 
cell. ' ■ , 

2. Use an ordinary lightmeter to mea$ur#'t'he 
available light wtlen taking phofographs. 
Record the readings as the meter is exposed 
to direct and indirect light in yarying d^^es. 
Also note the change in the^meterVeacnng as 
the color of the subject 'or badS|round 
changes. " ^ • , ' 
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Unit 31 ^ SEMICONDUCTOR POWER RECTIFIERS 



Jn c^ain electronic circuits it is desirable fo 
convert alternating current into direct current. 
Such devices as radio receivers, television sets, 
stereos, and tape recorders all require a source of 
direct current. To obtain the necessary direct 
current from an altema^ng-current power source, 
each of these pieces of equipment uses a rectifier. 
The rectifier changes the alternating current i|ito 
direct current. V 

In the modem automobile the alternating- 
current generator, called an alter nator^., also must 
-have the alternating-current output ^rectified to 
direct current so that the storage. battferV ban be ' 
kept charged. With the increased electrical 
deqiands in the jjutomobile, the alternator is 
replacing the direct-cw4*ent generator because ofMts 
efficiency and generating capabilities at low speeds. 
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Vacuum tubes can be used as rectifiers, but in 
^ many devices they are "being replaced by 'solid-state 
semiconductors. These sernicondddtprs, called 
diodes, will permit current to flow through the 
conducting material quite easily in one direction. 
When the current is reversed, the semiconductor 
offers* a great deal of reg^sfal^ice to the flow of 
current. Thus, the semico\iducti^^r diode, will permit 
current to flow in one direction only; and wh6n. 
connected in an alternatinfr^urrent circuit, tjie 
output from the diode i^ dir«t current. 

The early, semiconductja^ power rectifiers — 
copper oxide, copper sulfide, and sele/iium - were 
known as dry rectifiers.sIAt the present time 
germanium or silidon jjre beihg^ used for solid-state 
rectifiers, which are usually m^Mhted in the slip- 
ring end of the alternator. ^ 





When a single diode is used,Msj;^ Jt^ttifier 
aitemating-current circuit, the output, ia%er owng 
through the diode, will be pulst^3.o{4irect'c^pnt. 
Direct current will flow dnly^dunilg halfWthe 
altematingrcurrent cycle since; the diode ^vill 
permit ctirr-ent flow in one direction only. So that 
a much sirrtopther direct current cam ^be obtjiined, it 
is possible to ""aesign a circuit/cailed ' a full-wave 
rectifier that will rectify both halves of the 
alternating cycle. The output- provides a much 
smoother Flow of current since two pulses of direct 
current are. produced for each cytle of alternating 
current. Sucb a circuit; callecT a bridge-rectifier 
system, uses four diodes.i^^^ 

- In the automobile it is very, desirable to'^have a 
fairly smooth direct curi^f^t for charfi^r 
Three stator windi/igs ar^; there ^ore^ 
alternator arid ajje connected in 
cdnnectknr— or ,H 'Melta"' :Conn^Q. 
arrangement enabie$ the generator td p5 
thre^hase alternating ^ciirien Nyhich provides 
overlapping cycles;^ .^^tv r^^^ current. The 

ttput of the threZ-piiase puri^^ is connected to 
solid-state diodes /o thl^t th^e oiitput from the 
rectifiers is. a fa^jrly. cpp Since 
diodes produce J he^t^^tf^^^^^^ th^ey are: conducting 
SjcUrrent, it i?^ n^c^^Vry; fo Use special dj^vices called 
Seat sinks to* afcb thiis^ej^rg^ are 
placed; inside the iltej^3tor,,^:a sinks 
rhave large Tadiating'^urfk^esi^ the heat to be 
• radiated into -the Air;SiirrOu4id^ the generator. 

If^ y ScientificMPtincipie Involved: 

Rectification with Semiconductors 

Silii:ori..and gerfnai^^^ tfre quite similar in their 
^ structure and '<^emick^ The atoms of 

. .both elements' havieJ^^^^f^^^ electrons bound in the 
saine way in -their ' respective crystals. In its 
transistor functions germanium is the more versa- 
tile semiconductor. Germanium acquires the diode 
property of rectification and the transistor pfo- 
, perty of amplification through the presence of 
certain impurities in the crystal structure. Two 
types of impurities are important;,one is known as 
a donor, the pther as an acceptor. 
* Arsenic and antimony^ are typical donor elem- 
ents. When minute traces of antimony are added to 
germanium, each antimony ..atom donates one 
electron to the crystal structure. Four^of the five 
electrons are paired, but the fifth electron is 
relatively free to wander like the free electrons of a 
metallic conductpr. The detached electron leaves 
behind an antimony atom with a unit positive 



charge. Germ ahiunii^ with thi|i"type of 
StrjkK5luTe is;^pe4^*type, or eleWron-rich 
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crystal 

i«w*v4*;w ..^ ^--^r--. - igerman- 

.^m. N-typ^<^fm|fir1i^ consists of germanium to 
which are addi^d ^u^l numbers of free electrons 
ar^ bound p^^^^harges so that the net charge is 

zero. ^/^ii^k^^'^ 

Atoms with three electrons, such as those of 
aluminum and gallium, v^ill act as acceptors. When 
minute traces of aluminum are added to german- 
ium^ each aluminum atom J»a|)ts a single electron 
from a neighbo 



in the electron 
is acquired. T 
charge since it 
can fall. As an 




r£ ^^^itlianium atom, leaving a hole 
>L id from which th« electron 
;he equiV^alent of a positive 
trap into which an electron 
electron fil|»^he hole, it leaves 
another hole behind into which another electron 
can fall. In effect, then, the hole (positive chajge) 
detaches itself and becomes free to move, leaving . 
behind the aluminum atom with a unit negative ; 
charge. Germanium with this crystal structure is 
called P-type, or hole-rich germanium. P-type 
germanium consists of germanium to which is 
added an equal number of free positive holes and 
boijnd negative charges so that the net charge is • 
zero. 

Both P-type and N-type crystals are good con- 
ductors, and each will cfenduct equally well in 
either direction. When, the two types are joined 
together, however, ^ electric barrier is established 
where their surfaces meet. The plane at which the 
P-type crystal meets the N-type crystal is called the • 
P-N junction. The free holes of the P crystal cannot 
pass through the electric barrier at the P-N junction 
to reach the N crystal; the free electrons of the N 
.crystal cannot cross.the P-N junction to reach the P 
crystal. 

A small potential differences impressed across the 
pair enables the free electrons to cross the junction 

P-N junction 

L 




Milliammete# 



A. small potential -difference impressed across the ^ 
P'type and N-ty]^ crystals enables the free electrons 
to cross the junction and pass into the P-crystrfl. 
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and pass into the P crystal. Similarly, the holes 
cross into the N crystal. The apparent movement 
holes is in the opposite sense to the actual 
^movement of electrons which fall m'the holes of 
the P-type crystal. Thus, an electron movement is 
established across the P-N junction and in the 
external cirucit. ^ 

If the battery connections are reversed, the free 
electrons in the N crystal and the free holes of the 
P crystal are attracted away from the P-N junction. 
The junction region is left without current carriers; 
consequently, there is no conduction across the 
junction arid no current in the circuit. 

It is the junction which has the distinctive 
property of permitting electron movement in one 
* direction with ease when i small voltage is applied 
in the proper sense. Thus, the P-N junction is the 
rectifying element.pf;,semiconductor.crystals. 

Application of Prirnciple 

A characteristic of solid-state rectifiers, such as 
the diodes used in automobile alternators, is that 
they will allow current to flow in one direction 
only. This characteristic may be demonstrated, and ^ 
at the same time the diode niay be checked for 
opens and shorts, b^ using an ohmmeter. 

1. Select a diode, either positive or negative case, 
from an alternator. If a negative-case diode is 
selected, connect the negative lead of the 
ohmmeter to the case of the diode. Next, 



^nnect the. positive lead of the ohmmeter to 
y-^wfe positive lead of the diode. Reverse the 
, connections , when checking a positive-case 
diode. Although there may be a wide varia- 
tion in the Resistance of different diodes, the 
ohmmeter^ 'reading should be consistently 
above 30(>;Qhms. If the reading is below 300 
ohms, the 'cli9de has probably been shorted 
and should be replaced. 

2. Check an open circuit in a nega^e-case diode 
by connecting the negative lead of the ohm- 
meter, to the positive lead of the diode and 
the positive lead to the negative case of the 
diode.; Reverse the connections when check- 
ing a positive-case diodfe. If an infinite resist- 
ance is indicated by the ohmmeter, the diode 

> has an open circuit'and should be replaced. 
liote:. If the dipde is good, there will be no 

.^current flow when the ohmmeter is connected 
as indicated previously. However, reversing 
ftfe connections on the diode will cause a 
. current to pass throij^i^the diode. 
. . . ^, 

Selected References 

Note: Themumbers in parentheses in this^sgction refer t6 
entries in the. list of selected r^erences that appear within 
this publication immediately after the text, 

(22), p. 220; (26), pp. 348-49; (27), pp. 621-23;^> 
(33), pp. 269-70; (47): pp. 433-39; (65), pp. 
268-70; rZJ/ Chapter 3 1 , pp. 7-8. 





SECTION VI 

HYDRAULIC POWER t 



Unit 32 - JACKS AND 



Through the use of hydraulics, the strength 
(muscle power) of a person can be multiplied 
thousands of times. For example, it is possible 
through the use of hydraulic jacks for a person to 
lift a part or all of a house. Hydraulic tools are 
used extensively in the automotive industry. When- 
ever a heavy force must be applied or a heavy 
weight lifted, a hydraulic tool has been designed to 
provide the means. 

A hydraulic jack or press consists of large and 
small cylinders connected at. their base by a small 
tub#**or internal passage. A piston fits into each 
cylinder. When a force is applied to the handle at 
the small piston, a pressure is developed in the 
small cylinder. The pressure developed depends on 
the 'area of the small piston and the force applied. 
This pressure is carried through the hydraulic line 
|o the large cylinder. In this cylinder the pressure is 
applied to the large piston, forcing it to move. 

In the simplified diagram of a hjjpraulic press, a 
lever is attached to the small piston- As the small 
piston is pushed down, some of the liquid from th^ 
small cylinder (1) is forced into 'the large cylin- 
der (2). This pressure raises the large piston a small 
amount. As the lever is worked up- and down, it 
pumps the liquid from the reservoir and forces it 
into the cylinder (2). When the pressure is to be; 



ERLC 




Small piston 
(1) 



released, the reservoir valve is .Opened' to^^the 
liquid flow from the cylinder (2) back* ii\to the 
reservoir. w^- 

The force is determined by the presgj 
area of the pistons. F^j^example, the Si! 
has an area of 1 sqiiare inch and is 
directly to the larger piston, ^hich has 



lOOvsquiaSre inches. If a 



J^ce 

applied to the j/ small pisPon, a 
pounds per squ^e inch is develope 
is transmitted toSheJarger cy Under^^ which, ll^i^^ 
piston area of 100 square inches.^his piston fs,^ 




.200 pounds 



essure of iiOO \ 
his pr^siire' 



therefore, pushed with a forces. 
(100 sq. in. X 200 lbs. per 



86, 



20,000 ^undK^^ 
-in.) Thiy'gaiifi i« ' 
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forte (from 200 to 20,000 pounds) is made at the 
expense oT distance moved. If the small piston 
moved 5 inches, the large pistofi moved 5/100 of 
an inch. The output force ofv^uld be doubled by 
decreasing the size of the sjnall piston arid cj^linder 
1|4 ^2 square inch. Howevej^|th^(fist;|a 
would be halved . "^'''^^ ^ - . 

The force of 200 pouhdSfeapjplied tb thQ small 
cylinder is easy to obtain. Most jacks, presses, and ' 
'cranes have handles which are used tb apply the, 
force to the small cylinder. These handles ate 
arranged as levers and multiply the applied force at 
the expense of disHnce. The lO-ton'' (20,000- 
pound) jack used as an example is relatively small, 
but 60- and 80- ton jacks are available. The output 
force is very high; however, movement is quite 
slow. because of the tremendous mechanical advan- 
tage needed to multiply a 50- to 100-pound force 
to an 80-ton force. 

Scientific Principle Involved: 
Pascal's Principle 

A hydraulic pump or set of cylinders does not 
* "pump" pressure. It merely produces a flow of 
hydraulic fli^d. Pressure is generated only when a 
resbictipn or load is placed in the circuit. If the 
\ flow' encounters negligible resistance, the devel- 
*ppedr pre3sure is negligible. As the resistance force 
increases, the pressure within the system produced 
f by the pump (or cylinders) increases to meet the 
, resistance- force. The mechanical advantage pro- 
/duceci.by a set of hydraulic .cylinders is equal to 
Cft^Q 'j^tiO' of the surface area of the pistons. This 
' >atio' determines the ratio of distances moved by 
each cylinder, another measure of the mechanical 
-.advantage. »^ 



Pressure applied anywhere on a confined liquid 
or gas is transmitted undiminished in every direc- 
tion. The force thus exerted by the confined liquid 
ot" gas acts at right angles to every portion of the; 
surface of the container and is equal* upon equal- 
areas (Pascal's principle). 

Application of Principle/ . 

T. The mechanicaij^vantage orhydraulic jacfe 
can be deterOTinM %^ M^ compar- 
ing the distance the^. small ^^tlaiT?e pistons 



move. 



2. Different weights\pan be place'djdn^he jack to, 
^ show that a resistance is^ necessary, ta pfodi^ 

a mechanical advantage. A comparison of 
force applied to the weight lifted can also be 
calculated by operating the jaijf handle 
through a spring scale. The efficiency of the 
jack can be shown by a comparison of, the 
theoretical mechanical advanta^g and the 
actual mechgj^ical advantage. 

3. Hydraulic devices can be disassembled and 
assembled to assist in understanding the oper- 
ation of each part..' The exact theoretical 
advantage of the hydraulic parts can be 
provided by the measurement of piston sizes. 
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Unit 33 - MACHINE TOOLS 



cdntrc 
Hyd||U5 
efficieni 
HydraiilJ 



rindiiieT^i^it^ 



ISji:j|hine/fo"(JT5j^use hydraulic systems to 
'^^^M^^P^- machining operations, 
■^st^rl^ ^rbvide ra^id', accurate, and 
xdiitjoj; oT likricate mach.ih© functions. 
ePJ^er^^^ a^Mdto4<H2Js and.m^ 
^ yjcah'y^ com- 

"isi^lt the pres- 
sure throughout all /parts ^ j1ie^Riid.<^^his basic 
j^^ropterty 'allows\ the use' of a liquid to transmit 
50^er. 'feom :.ij« source to tha- desirerd point of 
UcaUpnjjy means of trafisnnssion lines (pipes 
or tubes) 

I 



^relies on ^ _ _ 

* pressed^ Uquifi%: under^p^ 



In many applications hydraulic systems are {nore 
^efficient than mechanical liiikage or a train of 
^jlgears. In addition, hydraulic systems are more 
^^^ilexible in tenrt^of load, speed, and mechanical 
advantage. The basic system consists of an electric 
motbr driving a hydraulic pump and bther rotating 
. parts of the machine. The hydraulic pump operates 
a hydraulic system consisting of control valves, 
.yCylinders, and gauges or sensing devices. Both 
/Vertical and horizontal mQ|ion ' of tables and 
machine platforms can be operated and controlled 
by the hydraulic.system.. 
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Shaper head Operating cylinder 




< . '^ting tool 
Work 



Trip dogs control 
stroke length 




Reversing lever 
Reversing valve 



Simple waiving permits accurate control of a hydraulically actuated shaper. 



Scientific Principle Involved: ^ 

Pressure Transmission^y , Liquid 

• ■ 

^ Liquids, when subjected to pressure changes, 
transmit the? pressure change to all parts of the 
fluid undiminished (Pascars/^principle). This prin- 
ciple may also, be stated as follows: Pressure 
:>nrppUe^ anywhere on a confined fluid is trans- 
..''TOitted .undiminished in every direction. The force 
' thus exerted, by the confined fluid acts at right 
angles to* every portion of the surface of the 
container and is equal upon equal areas. Note that 
fluids may be either liquids or gases; Pascal's 
principle applies to both of these states of matter. 

AppIicationi)fTrin^ 

Devices in which liquids are used to transmit 
pressure, such as hydraulic presses, lifts, and 
^ brakes, can be examined, tested, and operated. 



6 



Pressure gauges can be placed in the system to 
determine the system's pressure. Cylinders can be 
measured and the pressure converted to force to 
determine the force being used to produce a 
particular motion. Machines can be adjusted as 
follows to demonstrate the hydrauhc principles: 

1 . The speed of the machine can be changed by 
restricting liquid flow. 

2. An increase in pr^l^ure can be demonstrated 
by increasing the Work load: 
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Unit ^ E%MKING systems 



^Devices for retarding or stopping .motion are 
found in many pieces of equipment. ^^EJ^ Msic type 
of br^ing operation is a band tightenecf yound or 
a pad pressed against a wheel in motiorf. B^mHN 
can be assisted by regulating the movemiffTof 
fluids (liquids or gases), controlling the flow of 



electric currel(j^ ,reversing>^ the rotation of ship 
propellers, reversing the pitch of ^fplane pro- 
pellers, closiing the clam-shell doors of jet engines, 
or pressing a disk against the face of a wheeL 
In*the.brakii)g sy^ms of vehicles that move on 
wheels (such as aufomabiles, motorcycles, and 
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bters)^ the friction between brake drums and 
brake shoes of between pads and mettrl disks slowjl 
the rotation of the wheels; however, it is the 
friction between the tires and the road that results 
in the stopping of the vehicles, 

The application of hydraulic force is almost 
universal in the braking systems of modern auto- 
mobiles. The modern hydrauHc system is a combi- 
nation af mechanical Hnkage and force transmitted 
through liquids to the brake shoes or disks. Power 
brakes use a pneumatic cyHnder (Operated by the 
engine vacuum- to increase the ease and efficiency 
of the braking force. The efficiency of the braking 
force continues to grow in importance as autoi;no-" 
bile' speed increases and automobUe safety receives 
greater attention. 



Coi^cting tube 



CyHnder 

Piston-' 
Friction pad 




I 




(1) th? disk brake is in a released 
rake is in an applied position 
rawc pressure (3) from the master 



A practical application, enforce distribution 
through liquid pressure iar found in the four-wheel 
hydraulic brake system yof the automobile. When 
force is applied to th^ foot pedal, a pressure is 
transmitted equally throughout the system to each 
wheel by the employment of the mechanical 
advantage of levers. At the road wheel hydraulic 
cylinders convert force through mechanical linkage 
to the brake shoes or friction pads. Release of 
pressure on the foot pedal reduces liquid pressure 
in the systen^ and spring tension returns to the 
or^mal position all components, such as pistons, 
springs, and shoes. 

Scientific Principle Involved: 
Pascal's Principle 

Total force ^ the force acting against the entire 
axea of a particular surfae^^A liquid exerts a total 
force against the entire area of the bottom and 
sides of its container. Since liquid pressure equals 
force per unit area, total force equals the product 
of the average pressure on the area times the entire 
area. 

The principle of the transmission of force by a 
liquid can be illustrated as follows: If a force of 50 
pounds were applied to. a piston at a master 
cylinder whose area was 2 square inches, the 50 
pounds of pressure would be distributed equally so 
that each squar^inch would produce 25 pounds of 
force. flk^r^xCe applied at each wheel cylinder 
would be 2^.^<&^unds^if the cylinder hadfen area of 
onei^'squate ytachV Force can be incilbsed. by 
enlarging the.dkmeter of the output cylinder or by 
increasing the pressure per square inch (psi). 




Brake shoe 



Adjusting link 



A schematic of atypical hydrHillta^ s^em shows how brake shoes are activated to press 
the brake lining against the brake x^ums. ^ 
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Application of Principle 

Instruction relating to basic hydraulic principles 
can be furthered through activities involving the 
service and repair of automotive hydraulic brake 
systems. Some of the activities students can per- 
form are as follows: 

1. Measure the pressure developed in a brake 
system. 

2. Calculate the force developed at each brake 

3. Service and repair automotive brakes. 



4. Determine the compressibility of air as com- 
pared to brake fluid by allowing air to be 
admitted into the system. 
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Unit 35 - FUEL PUMPS 



The fuel pumf> is a simple example of the 
hydraulic pump used in almost all hydraulic 
applications. Power steering in the automobile is 
anoth^Sc^applicatidri of the hydraulic pump. Many 
machines, jackfe, and automobile lifts use hydrau- 
lics as their principal form of power. Production 
processes in inonstrial plants make extensive use of 
hydraulics. 

The hydraulic fuel pump is design^ tOj supply 
gasoline to the carburetor of ah internal- 
combustion engine at a constant low pressure. It is 
a positive displacement pump using a d5|phragm 
drivefi by a spring to develop and^aintain pressure 
on thCjjptitlet side. In operation the diaphragm of 
the fuel pump is puUe'd^back on the intake" stroke 
ihy the action of the engine camshaft. As the 
Ilaphragni^ nio^fs back on the intake stroke, a 
tial vatcuuip^s produced in the fuel chamber. 
""Atrhospheric pressure acting on the fuel in the tank . 
pusheUfe^througH the fuel lines, past the inlet valve, 
; ^d'MnVo'* the fuel pump cha^nber. When the 
diaphragm is^released, a spring Ibtated behind the 
^diaphragm pushes the^diaphragm forward, placing a 
pressure' o* approximately 6 pounds per square 
inch on 'the^ftf^in thef chamber. This pressure 
forces the %ik^gainst the inlet valve, closing it. 
When the ca^i|^tor needle valve opens, relieving 
the pressureAn.^^^ th|i fuel pump and 

carburetor, ffie'ffi^^ folly ^rd, pushing 

fuel through ^ti^ ib^^ \^lv^;vfn4. ifitdxthe carbji- 
reto'r. The sAring and .'diaphrajgm m 
almost constant pressure dn-Jthevfli^^ th 
providinaPa continuous supply-^tf^ fuel to the 
carburetor. * ' y - ' • 

An electric fuel'ipump is used on some heavy- 
duty equipment, such as trucks and buses.' This 



fuel pump contains a* flexible metal bellows that is 
operate* by an electromagnet- 
Certain internal-combustion engines make use of 
the fuel-injection system. Instead of a carburetor 
this system uses a series of injection nozzles and a 
high-pressure fuel pump to spray the fuel into the 
air enterij^ the engine cylinders,. 

A Scientific PrincipH Involved : 
^ Atmospheric Pressure 

Mqiiids will always flow tg^.balance a pressure 
differential. When the pres#fe within the fuel 
pump chamber is reduced below atmospheric 
pressure (14.7 pounds per square inch) by the 
action of the' diaphragm', atmospheric pressure 
within the-jgasbline tank- pushes the gasoline from 
the tank ifito <ihe fuel. pump chartber, -balancing 
the -pressure" within the tank aiV fuel pump 
chamber at atmospheric pressure. 



FueTWora tank 




In |](re$ie(nted above shows a typical fuel 
^Jmp Tnrjvni^^ the movement ^of the diaphragm 
,pro<)up8s a partial vacuum. * 
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Application of Principle 

1. Disassemble and assemble a fuel pump, study- 
ing the operation of each component part. 
Determine the operating characteristics of the 
total pump and the contribution of each part 
to the operation of the pump. 

2. Test the fuel pumps in three ways - for 
volume, vacuDm; and pressure <r as follows: 

a. Conduct the volume test by disconnecting 
the outlet line of the fuel pump and 
pumping gasoline into a measured con- 
tainer. Run the engine at idle speed on the 
fuel remaining in the carburetor. In a 
specified timq compare the output with the 

o/ii«.rnanufactuf^f^^?^ecifi cations. 

b. Conduct the' Vacuum test by attaching a 
vacuum gauge to th^ inlet sid6 of the fuel 



pump. Operate the fuel pump and compare 
the obtained vacuum with the manufac- 
turer's specifications, 
c. Conduct the pressure test by attaching a 
pressure gauge to the outlet side of the fuel 
^pump. Operate the fuel pump and compare 
^^the obtained pressure with the manufac- 
;* turer's specifications. 
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Unit 36 - POWER STEERING 



Steering an automobile by moving the steering 
wh^el manually has become more difficult because 
of increased weights and the use of wide, low- 
pressure tires. Ratios between the steering whael 

'and, road wheels hjave blen increased to compen- 
sate for the greater force needed to turn the 
automobile. A method of obtaining additional 
force to turn the wheels is the power-steering 
assembly. Power steering is/i» hydraulic system 
designed to assist the drive/r in tumirig the wheels 
.of the automobile. During the pasTyears a number 

^of systems have evolved. Each, however, consists of 
a hydraulic pump driven by the automobile engin?. 
^ * The hydraulic fluid, under pump pressure, ./is 
controlled by a series of valves which direct tne 
fluid to the proper chambers to assist the driver ijg, 
turning the automobile. 

The hydraulic pump is the hfeart of any hydrau- 

.lic system. The pump develops *no power of its 
own; it simply converts work applied to its drive 
shafts into the movement of a volume-of oil under 
pressure. The volume is expressed in gallons per 
minute (gpm) and the pressure in pounds per 
' ■ square inch (psi). The two types of hydraulic 
pumps in common use are the positive- • 

"displacement pump and the nonpositive- 
displacerhent pump. The nonpositive-displacement 
pump uses the centrifugal force caused by rotation 

,to move lai^e quantities of fluid at lo\y pressures. 
The automotive-engine water pump is of this 
design. When permitted to operate fyeely, it moves 



Pump inlet 
return 



' Oil filter 
Return line 

Valve spring 
chamber 
• Control valve 

Outl^port 

Pump ring 

^ ^ Vane 
Rotor 




Inlet oil 
passage 



The vane-type pow^steering pump provides addi 
tional force to assist^ turning the wiio^ls of an 
automobile (Ford l\^tor Co.). 



large quantities of . water through the cooling 
system. If the System is restricted, as it is when thfe 
engine is cold and the thermostat is closed; the 
pump will simply rotate^without movement or 
displacement of water. ' %t 
• All power-steering systems use a .posjtive- 
displacement pump. For each revolution of the 
pump shaft, a specific quantity of fliiHl is dis- 
placed; i.e., pumped into the outlet lin^e. Ppsitive- 
di^lacement pumps have the advantage of 
( 1 ) capability for pumping high pressures; 
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(2) minimum size; (3) relatively high volumetric 
efficiency; (4) relatively small change in efficiency 
throughout the pressure range; and (5) great flex- 
ibility of performance. Most power-steering pumps 
cipoday's vehicles are based on a vhne design or a 
' modification of this design. 

Some "power-steering systems use a simple 
hydraulic cylinder connected to the steering link- 
age to assist the turning. In these systems fluid 
under pressure is pumped to one side of the 
cylinder. The pressure of the fluid in the cylinder 
forces the piston to' move within the chamber. 
Since the piston is connected to the steering linkage, 
the movement of thepiston helps turn the automo- 
bile wheels. In some cases the piston is stationary 
and the cylinder i^connected to the linkage. In this 
case the movement of the cylinder -assists turning. 

' V Scientific Principle Involved: 

Pressure Transmission by Liquids 
Hydraulic fluids under pressure exert a force in 
every direction within a closed container The 
force resulting from the pressure is determined^ 
the pressure and the surface area on which 
pressure is applied. When the pressure is applied to 
a movable piston (or stationary piston and movable 
cylinder), the resultant force is equal to the 
pressure per square inch (psi) times the area of the 
piston, measured in the same units (square inches). 

Application ^f Principle 

'l. Power-steering syst/wiTs can be tested on the 
automobile for Operating pressure, flow 



(gpm), and relief-valve setting - maximum 
system pressure. By the installation of an 
engine tachometer, a decrease in engine speed 
will be noted when the pump is operating at 
maximum pressure. 

2. Through the use of selected power steering 
components or purchased hydraulic pumps, 
motors, and cylinders, a number of devices 
can be constructed as follows; 

a. A drill-press vise can be made to operate 
hydraulically by the use of a hycba^jlic 
cylinder and pump. ^ 

b. A hydraulically operated can crusher can 
be built through the use of a hydfaulic 
cylinder and pump in addition to a . cham- 
ber to hold the can being cnished. 

.c. A pencil sharpener can be operated hydrau- 
lically through the use of a hydraulic pump 
and a motor. 
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Unit 37 - AIR CONDITIONERS 



Automobile air conditioners are designed to 
' makQ the ^interior climate of the automobilg^.. 
comfortable during summer driving. This comfort'^': 
is attained by removing both heat and water vapor 
*Yrom the air automatically. As the temperature of 
the^aiifl^ lowered, the ability of the air to hold 
water decreases. The airjeaches Us coldest temper- 
ature in the car and air conditiiner when it passes . 
over the cooling coils (evapor«or). Water vapor in 
the air condenses and is deposited on the cooling 
coils. The water Ms collected at the bottom of the 
coils, and a hose carries the condensedwater to the 
ground Und^r the automobile. 
< The automobile air conditioner uses thelsame 
^ principle of operation as that used by most hpme 



refrigeration units and industrial air conditioners. 
These systems use the principle.that'when a liquid 
changes to a gas, heat energy is reguired. The heat 
for this change' of state comes from»the surround- 
ing materials and air. The chai^^^jakes place at a 
constant t^rinperatul'fe. The temperature^ at which 
this change V state takes' , place i?,- however, 
dependent uppn the ^pre^jure placed above the 
liquid. As the presstire'inCTfe'ases, the temperature 
at which the change of state occurs increases. 

Freon-12, an odorless and nontoxic chemical 
consisting of carbon, fluorine, and chlorine, is the 
mo§t common liquid used as a refrigerant in 
automobile air conditioners. At atmospheric pres- 
<fsure Freon-12 (F-12), boils at 21.7 degrees F. 
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below zero. At a pressure of 42 pounds per square 
inch, F-12 boils at 45 degrees F., which is a more 
practical temperature for air conditioning. Each 
pound of F-12 which changes to a liquid removes 
70 British thermal units of heat. The heat comes 
from the surrounding air. Since heat is a form of 
energy, the removal of this energy from the air 
lowers the temperature of the air. 

In this process the refrigerant is changed from a 
liquid to a gas/ The gas is carried to a compressor, 
where the pressure is raised to 150 to 160 pounds 
per square inch. The boiling temperature is, there- 
-fore, increased to 115 to 120 degrees F. This 
temper^ttif^ is above the normal air temperature. 
The high-pressure, high-temperature gas is pumped 
to a condenser next to the automobile radiator. At 
normal summer temperatures of 85 to 100 degrees 
F., air passes over the radiator, removing heat from 
the condenser and gas. As heat is removed, the 
refrigerant changes back \ijnto a liquid. If the 

Liquid /gas 



outside temperature, is higher than noted, the 
condensing pressure will increase to maintain a 
temperature of 20 to 30 degrees F. above the 
outside temperature. ^ 

When the gas is condensed into a liquid, the 
liquid flows back to the evaporator inside the 
automobile. Through the use of a valve or restric- 
tor, the pressure is reduced to around 45 pounds 
per square inch. The refrigerant can again evapo- 
rateanjd- remove more heat from the interior of the 
automobile. The ai^-^conditioning cycle is contin- 
uous; the refrigerant- is changing state in both the 
evaporator and condenser at all times during 
opelration. Since the refrigerant is just "a carrier of 
heait energy," it is never expended. It need be 
replaced only if the system develops a leak. 

The heat pump, sometimes used for home < 
heating, is a reversal of the air-conditioning cycle. 
The evaporator is outside and takes heat from the 
outside air and discharges it througH a condenser 



Liquid/g^s 




Receiver/ 
drier 



Liquid 

The state of the refrigerant at certain points in the air*conditioi1er 
unit is indicated in the diagram. 
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into, the home. In the summer the system can be 
reversed through the use of valves to cool the 
home. 

Scientific Principle Involved: 
Heat Transfer 

During the change of stateof a liquid, heat 
energy is either absorbed or exppHed at a constant 
temperature. This form of heat transfer is called 
^'latent heat of vaporization/' The amount of heat ^ 
being rernoved or kidded depends upon the sub- ' 
stance. Water has « higher latent heat of vaporizar J. 
tion than any'other ^ommpjj substance^ Tit ^ 
970.4 British thermal-units ortea^t-lta;^^ 
pounjd of wat^r'|%D^^J3^Re" siearrt. Water 

would make an exijS^|wt refrigerant ex that in 
. order to get water to bpil at air-conditioning 
temperatures of 40 to 60 degrees F., the water 
must be\inder a v^^i^mm of more than 20 inches of 
mercury^ this pressure is inefficient since a very 
large compressor would be required . to operate the 

system. ^ 

Application of Principle 

1. An automobile air conditioner can be used for 
student demonstration and activities. Also,>a 
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^leaching system can be developed by obtain- 
ing a refrigeration or air-conditioning system 
jf and providing it for student use. 

2. Gauges'* can be put on both the high and low 
sides of the unit to determine the operating 
pressures and temperatures at which the 
change of state is taking place in the evapo- 
rator and condenser. 
^ 3. Possible leaks can be checked through the use 
of a leak detecfor or a solution of soap and 
water orr all joints. 

:>:t ?4. A compressor can be disassembled and assem- 
bled and the operation of the compressor 
studied. 

Selected References 

i Note: The numbers in parentheses in this section refer to 
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1-9. - 



SECTIOr^ VII 

PNEUMATIC POWER 




Unit 38 - AIR-POWERED TOOLS 



^' Air-powered (pneumatically operated) tools are 
particularly useful because th^y are relatively light 
and small, run cool, and have variable speed and 
torque. A few of the operations that can , be 
performed by air-powered tools are drilling, sand- 
ing, grinding, chipping, tightening, 2^ hammering. 
Other devices commonly found. iir industrial arts' 
that depend oft cotapressed air for their operation 
are spray guns,^utomatic'feeds on printing presses, 
lubrication eqiiipment, lifts, and- jacks. In order 
that this flexible source of power can be i^ed, an 
adequate supply of compressed air is neeclei, and , 
hose connections should bd conveniently located in 
the facility. 

Air motors in air-powered tools require a pres- 
sure of approximately 90 pounds per square inch 
for efficient , operation. A satisfactory source for 
obtaining this air pressure is the compressor in the 
automotive or woodworking facility; the com- 
pressor usually provides a pii^sure of 150 pounds 
per square inch. An "air-powered tool is comprised 
of an air motor, housing, valve with lever, gears, 
spindle, and attachment to do the work. Motion in 
air-powered tools is produced in several ways. One 
methc^ makes^use of high-velocity air directed at a 
paddle or turbine wheel. The forced .air causes the 
wheel to rptate like a waterwheel. Another method 



makes use of the relationship between pressure and 
volume. This second method is used to operate 
piston and rotary-vane motors, the two most 
common types of motors used in air-powered 
toojs. 'Sjtiyfse^pols use racipffocating parts to accom- 
plish wotk. 'Exaitlples of these tools are the 
sheet-metal nibbler and the impact wrench used to 
tighten or loosen lug nuts on automobile wheels. 

Scientific Principle Involved: 
Mechanical Properties of Gases 

Two types of motors used to pow^ air tools are 
the rotary type and the percussion or reisip^p^^ating 
type. In the first type a rotor ^ with :va^^^ is, 
surrounded by a houising, usually Vma^* of cast 
aluminum. Air^ enters the housing, pushfes on the 
vanes, and rotates a central shaftj| The drill chuck 
or grinding wheel is fastened to the epd of the 
central shaft. In the second iype compressed-air 
enters a cylinder and moves 1^ pistoi? that is 
connected to or strikes another part- such ^S' a 

• chisel or riveting hammer. The pressure of com- 
pressed air and gases is frequ^itly measured in 
atmospheres. One atmosphere onpressure is equal 
to 14.7. pounds per square inch Ogfandard atmos- 
pheric pressure). When air is under a pressure of 

^/^veral atmospheres^ it can exert a great 'expansive 

95'' ■ • . ' : 
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Photographt and exploded views illustrate units and compdheite of air-powered tools (screwdrivers, nutsetters,. 
and drills):' (1) lever handle and (2) pisjtol handle (Stanley Air Tools). 

s.. 
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force, find this fprce can be transmiUcrTfor a great 
distance through^rbng-walled.tube/ 



Ball-check 
.valve 

Hose 



Cupjeather 



Ball 





Piston 



Spriiig 



simplest 



' A oK^ycle pump is the simplest positive- 
displacement compressor. The piston] secured to a 
handle, by a long rod, has a cup-shaped leather face 
• opening downward.^ when the pump is in use. The 
downward motion of the piston causes sufficient 
initial pressure to open up th^H^up and produce a 
tight seaJ between the leather and the cylinder 
wall. Air is forced through the- ball-check valve into 
the tire. . , \ 

The upstroke of the piston creates a partial 
vacuum inside the cylinder, permitting'atmospheric 
air to flow past the cup leather and filling the 
cylinder with ^ir so that the cycle may be repeated. 
The flexible cup leather actually serves the func- 
tion of a check valve because it opens to admit air 
into -the cylinder (on the upstroke) but prevents 
the escg^e^ air from the cylinder (on the 
Jownstrok^^ias air pressure" forces the edges of the 
lea^iej/tigh't ^g^inst the inside of the cylinder. 



Reciprocating air or ggs compressors operate on, 
the same principle as the bicycle pump but with 
design changes made'^in the interest of ruggedness, 
efficiency, and durability. 

Application of Principle ; 

1. Instruction relating to pneumatics can be 
extended and reinforced through the use of 
air-pqwered tools in power mechanics and 

. automotive mechanics activities. 

2. An understanding of how the scientific princi-. 
pies relatirfg to pneumatics'are applied can be 
gained through the disassembly and assembjy 

^ air motors or air-powered tools. Elmphasis 
s^iild be placed on understanding^the func- 
1 of the entire unit and the operation of 
part in relation to the complete assem- 
bly. . ' 
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Unit 39 - SPRAY GUN! 



CompresseJd air is passed through a tube leading 
to the nozzle of a spray gun. The rapidly moving 
^ air in thi^ tube passes over the open end of aribther 
tube which leads from a ventec^ contai^r holdipg a 
liquid. The pressure on the open end of the second . 
tube is lowered by the rapid air flow in the first 
tube. The air pressure on the surface of the liquid 
in the vented container forces the liquid to flow 
into the* air stream, where it is , atomized before - 
reaching the spray nozzle: , 

A hand-held fly sprayer (with ^e hand pump to^ 
oply the air streaim).can be used^ demonstrate 
principle^ operation. The tube supplying the 
\iUid from the yentedcontainer is easily seen just 
in front of the opening from the aic^pump. 



t 



An orderly procedure for the use of a spray 4gun " 
is given as followjs: ^ 

1. Inspect aU the parts to be sure that they are 
clean. \ 

2. Reassembl^ the spray gun. 

3. Fill 'the ^aint cup with property thinned 
and strained paint. ^ 

4. Connect the spray gun to the regulator. 

5. Set the regulator to the recommended 
pressure. 

6. Test the spray-gun paint pattern on s«rap • 

material:: — ^ 

7. Adjust the paint-control valve and air pres- 
. , sure as needed. 



8. Hold the nozzle 6 to 12 inches from work. « 
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^.-Spray the paint with even, overlapping 

strokes. / 
lO.^Empty the spray gun of unused paint and 

thoroughly/clean the gun and parts in paint 

thinner. / 

/. • 

Scientific Principle Involved: 
^Bernoulli's Principle 

' Wh^n a fluid (gas or liquid) is undergoing a 
change in velocity, the pressure (measured at right 
angles to the direction of flow) is lowest^t the 
point of highest velocity. A venturi (constriction) 
is built into the air tube leading to the nozzle of a 
spray gun just beforfe the top of the tube from the 
sp«y ^t.. The air must speed up to flow through 
the verfturi, causing ^a very low pressure as ili 
reaches the top of the *paint. tube. The air pressure 
in the^yented paint pot forces paint to flow up the 
paipt tube into the air stream, where it is atomized. 

.Another application of Bernoulli's principle i^ 
found, in the carburetor of the internal-combustion 

, engine. The air passage through a carburetor is 
partially constricted at the point where gasoline is 
mixed . >vith air. This constriction increases the 
speed of air, lowers it's pressure, and permits more 

, rapid Evaporation of the gasoline. 

X -/ Application of Principle 
TKe sVu^ will gain valuable experiences and.' 
skill in the act^ua^^e of a spray gun. » 

, Selected References 

Nbte: The )iumbers in parentheses in this section refer to 
entnes in /he list of selected references that appear within 
this palliation immediately after the text. 




When the trigger of the spray gun is pulled, com> 
presselK^ir travels from the compressor, through^the 
hose and spray gun, and out the nozzle. The air 
r^ing through the gun is at it^^^hest velocity at 
the point where it meets the liquidfrom the tube of 
thi9 container. The air pressure at the point ^here the 
air and liquid meet is .lower than the air pressure in 
the GOtitainer. This difference \\i pressure causes the 
liquid to rise in the tube and to enter into the air 
stream. The liquid is atoirjized and then expelled 
from the nozzle (DeVifbiss Co.). ^ 
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(9K p. 100; ry^pp. 516-17; (26). p. \5\\(2n 
pp. 223-25; ^-^PA, Volume 1, pp. 155-56, VoHime 
10, p. 580;r75A Chapter 50, pp. ^1-28. 



Unit 40 ^ VACUUM^UMPS 



Pneumatic power can be produced through the 
use of compressed air (a$ explained in Unit 38, 
'*Air-Powered Tools") or"* a vacuum pump aiiid 
atmospheric pressur^r>A vacuum is a positive form 
of power. The soa*^ of this'power is the weight of 
air, which is 14.7 pounds per square inch (psi). To 
use this power, a vacuum pump must reniove the 
air from one end of a piston so that the air pressure 
cTin'act on the other end to force it to da work. 
Vacuurn pumps are used in the operation of 
windshield wipers, power brakes, power clutches, 
and door locks in tke automobile. >^ 

Atmospheric pressure is used in the operation dU- 
many , automotive windshield wipers, xhe wiper 
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blades 'are moved by an air-powered' motor which 
uses-the pressure differential between the atmos- 
pheric pressure and the engine's intake-manifold 
vacuum for operation. The vacuum ir-d^3^ased 
whenever the engine is rapidly accelerated oi\put 
under a heavy loai^, When these condition^ occur, 
the pressure differential disappea^'^^ and the 
powered motor no longer has' a pressure different 
tial for op^eration. So fmt a continuotis^differential 
can be provided, a vacuLim pump is iM^iced between 
the windshield-wiper nrotor and the intake mani- t 
fold. The vacuum punilKjnaintams a sufficient 
vacuum (11 inches of mercury; 5 V2, R^und^. 
below atmospheric pressure) to operate the wiper 
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motpr:- Since this vacuum^ is less than the normal 
intake-manifold vacuum, the wiper blades operate 
somewhat more slowly during acceleration and 
under other conditions requiring maximum engine 
power. The vacuum pump is an integral part of the 
fuel pump and operates in an identical manner 
(See Unit 35^"Fael Pumps.'') The air flows from 
the windshield-wiper motor through the vacuum 
pump into the engine intake ' manifold. When the 
engine vacuum is greater.than the vacuum devel- 
oped by the vacuum, pump, both the -inlet and 
outlet valves remain open, and the air flows freely 



Vacuum out^ pipe 



Vacuum diaphragm 



from the wipqr motor to the, manifold. When th^. 
manifold vacuum drops,'as'it does during open 
throttje and full power operation, the pump acts as 
a booster, maintaining a minimum /vacuum for. 
windshield wiper operation. 

Pneumatic systems may. lie use^i to^jjuitiply a 
force developed by a man or^ macyne. An 
excellent example -of a pneumatic power bfooster is 
the automobile power-brake system; As vehicle 
weight, power, and speed are increased, the effort 
needed to stop the automobile is also increased. 
The variable factor used' to determine the rate of 



Vacuum inlet pipe 



Vacuum inlet valVe 
assemblies 



Vacuum outlet 
valve assemblies 



Bushing 

^ ' .Rocker njm^ 



Vacuuni link 
Fuel link 

Fuel diaphragm spring 
Fuel diaphragm 



Fuel inlet vaR^e 
assembly 

Inlet screen 




C3r 



Rocker arm 
return spring 



Outlet valve 



Pulsator diaphragm 



^ A icombination fuel and vacuum pump shares a common housing and rocker arm (General 
MbtorsCorp.). ' 
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deceleration is the pressure applie(^ on the brake 
pedal. So that quicker braking can be done with 
less movement of the pedal, a pneumatic booster 
has been added to the system: This booster 
multiplies the braking fo^ce applied^ tg the brake 
pedal. As a 'result, a small force applied to the 
brake pedal provides a high pressure on the 
hydraulic fluid in the master cylinder that rapidly 
brings the car tdra stop. The power-brake system 
uses the pressure differential developed by the 
intake manifold. The booster consists of a cham- 
ber, valves, and a piston or diaphragm. Atmos- 
pheric pressure is admitted on one side of the 
diaphragm, by the movement of the brake pedal. 
The intake manifold vacuum on the other side 
produces a pressure differential on the diaphragm 
so that the diaphragm moves toward the vacuum. 
Since the' diaphragm is connected directly , tp the 
master cylinder, this motion operates'^the brakes 
and stops the vehicle. Valves are used to control 
the braking pressure and to balance the pressure on 
both sides of the diaphragm when the brakes are 
released. 

i Scientific Principle tnvolve^r-^ 

Aimospheric Pressure' 

^The vacuum pump- uses the principle that gas 
"^flows from high-to low pjessure in an attempt to 
balance the pressure. Atmospheric pressure will 
pass into the windshield-wiper air motor in its 
effort toU)alance the vacuum. The air will then 
travel to the chamber. of the vacuum pump since 
the action\of flie diaphragm has reduced the 
pressure befow atmospheric pressure. NVhen the 
diaphragm mbveis up .on the exhaust stroke, the 
pressure- is mcreased /thus, a flow of air is produced 
from the chamber. . « 

Application of Principle" ^ 

I. A Vacuum pump, can be disassembled and 
assembled , to determine the principle of oper- 
ation, the flow of air through the pump, and 
the function of each part'^of the purnp. 
,2. Pump operation can be" demonstrated by 
attac}- sj m inflated balloon, on the intake 
^ side L deflated baloori on the outlet side., 
\ When Llic puVap is pperated, the air will move 
" from one balloon to the other. 




The schematic of d power brake 'shows how the 
control valve (1) can apply either engine vacuum or 
atmospheric pressure to section (2)t of the booster 
.cylinder. 



3. Pump operation can be measured by attaching 
a vacuum gauge to the inlet side of the pump. 

^ - As the pump is Operated by hand, the 
pressure will drop (the vacuum will increase) 
to a pressure which counterbalances a mer- 
cury, column approximately 1 1 inches high. 

4. The force resulting from the operation of a 
ppwer-bfake unit can be di'termined for a 
number of different pressi differentials. 
This determination will require disassembly 
(or the use of a cutaway). Calculations may 
also include the mechanical advaiiiage of the 
master and wlheel cylinders in order to deter- 
mine the available .stopping force. 

5. A power-brake booster assembly can be dis- 
a^embled and assembled to determine the 
function and operation of ^^ach part as it 
contributes to the operation .of the power- 
brake booster-assembly. 

Selected References 
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APPErvJDIX A • 

POWER MECHANICS COUjlSE OUTLINE 



In the following^ relatively brief course outline for 
industrial arts power m.echanics,%ie topics, where appropri- . 
ate, are keyed to the instructional units presented in this 
pubUcation — for example, under A. Muscle Pow?r 
CUnit 1)"; and to the comprehensivQ' cpurse outline .for 
industrial arts automotive mechanics* in Appendix B — for 
example, und6r "1. A. Shop/Laboratory, Safety (RefeV to. 
Appendix B. Section lyl.)" This power mechanics courap 
outline, when used fo/ a specific course/program, can oe 
expanded by including (1) additional points Covered in tWe 
designated^ units; (2)'^topics presented in the automotive 
mechanics outline; and/or (3) information from the publi- 
cations listed under "Selected References" at the end 5f 
bach unit* 

I. Shop/Laboratory Orientation 

Al Shop/Laboratory Safety i •• 

(Refer to Appendix B, §?ction 1,1.) 

1 . s(^eneral causes of acqrdents'' ' 

2. Personal causes of accidents 

3. Safety instruction 
BT Tools and Equipment 

(Refer to Appendix-B Section^'l ,11 .) 

1. Appreciation of tools 

2. Cari^of toAs " \ 

3. Classification of tools \ 

/ ^ ' 

II. Natural Power * / 

A. Muscle Power (Unit 1) ./^'^ ' ,^ ^ 
'1 . Introduction to simple machines ^ [ 
'2. Work, power, energy, force 

B. Waterwheels (Unit 2) 

1 . Types: undershot, overshot, breast 

2. Water pressure ■ ^ * 

C. Windmills (Unit 3) * 

1 . Types: multivane, propeller, "S" rotor i " 

2. Hdirsepower output of windmill 

D. ^ Heat Collectors^Unit 4) 

1 . Conversion of solar energy to electricity ^ 
-2. Nature of heat 
* E. Sglar Stills (Unit 5) 0 



III. Mechanical Bciwer 
A.' Simple arid Compound Machines (Unit 6) 

1 .^Mechai^ical advantage ^ , ^ 

^/*1^Levei:, wheel and axle, jnclined pUjje, wedge, 
•pulley, screw ' . ' 

3. Com pound' machines 
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B: Lubrication (Unit 7) " . * 

(Refer to Appendix B, Section 6, l-XVI.) 
1. Viscosity of oils 
' 7k Lubricatir^g oil fbnctions 
3. Dry, greasy, and viscous friction 
\ C. Springs (Unit 8) * ^ / 

(Refer to Appendix B, Section 16, V.) • 

1 . Classification of springs 

2. 'Elasticity: Hooke'slaw " 

D. ClutchesXUnit 9) " ' 
(Refer to Appendix B, Section 1 1 , 1-X.) 
1. Six classifications of^elutches 

\ 2. Sliding friction 

E. ^Pyrlamometers (Unit 10) 

1 . Methods of providing load ' 

2. Horsepower ^ 
s , - . 

IV. Steam Engines ^ ^ . 
A: Steam Engines and Turbines (Unit 11) 
B. Conversio^i ofHfeat Into Work 

V. Thermal Power ^ ' . 

A. High-Energy Rate Forming (Unit 12)* 

• 1 . FoDr methods of forming * 

2. Work, power, energy, force . ^ 

B. Powder-Actuated Topis (Unit 13) ^ ^ 
^ i. Precautions to be :observed 

Expansion of gases^ 

C. Jet and Rocket Engines (Unit 14)^ ^ 
1». Types of jet engines 4 

■ '^'i. Newton's laws of interacti^s ^ 
<'D. Gasoline Testing (Unit 1 5) 
' (Refer to Append&B, Section 8; IX.) 
l.^Power lests ^ 
^ \2. Conversion of chemical enexgy to'heat energy to 
mechanical energy V 
E. Carburetion (Unit 16) 

(Refer to Appendix B, Section 8, VII.) 

1 . Carburetor func^W^s 

2. Bernoulli's priifciple ^ 
"F. Two- ahd Four-Cycle Engines (Unit 1 7) 

(Refer to Appendix B, sections 3, 4; 5.) 
-1. Four-stroke cycl 
2. Two-stroke cycle ] 
3^ Expansion of gasss 
G. .Wankel Engines (l^t 18)" 
' 1^. Rotor-type engine 
2. Moment of mertia 
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H. Thermostats (Unit 19) " ; " * 
^(Re'fer „to Appendix' B, Section 7 , VII L) 

* , ... ' I . Types jind purposes 
2i Thermafcjexpansion 

I. W.elding Processes (Unit 20) ^ - 
I. GtJs, arc, wd reslst^ince welding 

2:^ Kinetiambleplilar theory 

VI. Electrical Power V T ' 

s/^: Dry Ceils: Primary Cells (Un^^^ \ 

' 1. Zfcc-carboiTand mercirrySlell^ 
. 2. Conversion of chemical, energy into electrical 
^ energy, \ y , 

B. S^torage-Battexies: Secon^thy-Cdls (Unit 22) 
' <*^efer to Appendix B, Section 9, 1 v.), 

1. Convei:sion of chemical energy into, electrical 
energy . 
X 2. Electrolysis ' ^ ■ 

3. Hydrometer test 

4. Specific gravity 
' 5. battery installation anOI servicing 

6. Corrosion and oxidatio^ df metals^ 

7. Battery testing 
' ^ Sc^Capacity rating of batteries 

9. Battery charging ^ 
•MO. fhemical change in jead-acid stora^ cell 

C, Generation of Electricity^Unit 23) 

1. Magnetos ' " ' • 

2. Magnetism* ' ^ . 
'3. Direct-current generators and' alternators 
4. .Electromagnetic induction / 
5.. Aiterna^ng-current rectifiers 

6. Rectification of cunent 

7. Generator re gulatidn 
Electromagnetic switch 

D; Transmission of Eklectric Power (Unit 24) 
(Refer to Appendix B, Section 9, III.) 

1. Electromotive force *^ 

2. Conductors and insulators 

3. Electron theory . ( 

4. Voltage, current, and resistance 
I 5. Ohm'^law * 

6. * Series ?ind parallel circuits .'\ 

7. ) Direct-curreni circuits 
. E. Transformers (Unit 25) 

^r. Types: step-up, step-down" 
2. Electromagnetic induct 
F.^ Spark Plugs (Unit 26) 

(RefeV to Appendix B, Seclion 9, IX.D.) 

1. ^at-range classificati6n 

2. Ionization of gases- 




G. Ignition Systems (Unit 27)- 
/Refer to Appendix B, Section 9, IX.) 

1 : Cont5ntibjial and transistorized systems 
2. Electromagn^jtitfenergy 

H. Electric Motors'(Unit 28) 

; (Refer to' Appejidix B, Section 9\ y.) 
r. Motfors: series and shunt wound 
' 2. Eleciromagnetic induction 

I. Fuel Cells (Unit 29) 

1. Use in spacecraft: 

2. Electrochemical etlect 
^J. Photoelectric Cells (Unit 30) 

1 . Types and usjcs ^ 

2. Photoelectric effect 

■ K. Semicondu^or Power Rectifiers (Unit 3-L) 
r l.^.Types of rectifiers . ' 
, ' 2. Pr and N-type semiconductors 

VII. Hydraulic. Power 

A. Jacks and Presses (Unit 32) 

» 1. Hydraulic pump components 
2. Pascal's ^)rincij>le 

B. Machine Tools (Unit 33) ' ' 

1. Efficiency of hydraulic system^, 

2. Pressure transmission by liquids 

C. BrakingSystems(Unit34) 

(Refer tp Appendix ^, Section 20, 1-VII.) 
1^ Devipes for retarding or stopping motion 
2. Pascal's principle 

D. Fuel Pumps (Unit 35) . ' ' . 
(Refer to Appendix B, Section 8, VI.) , 

1. Positive displacement pump 

2. 'Atmosphericlpressure 

E. Power Steering (iJnit 36) * 

- (Refe^fto Appendix B, Section 17, VII.) 

1. Advantage of power steering ^ ^ 
' 2. Pressure transmission by liquids 

^ F. Air Conditioners (Unit 37) 
"^1- Types of air conditioners 

2. Heat transfejr ^ 

VIII. Pneumatic Power 

A. Air-Powered Tools (Unit 38) 
X A. Piston and rotary-vane 'motors ^ . 

|2- Mechanical properties of gases 

B. Spray. Guns (^it 39) 

1. Operation and procedure for u^' 

2. Bernoulli's pri$iciple 
Vacuum Pumps (Unit 40) 

1 . Windshield wipers 

2. Power brakes 

(Refer.to Appendix B, Section 20, IV.) 

3. Balancing effect of atmospheric pres^O*^ 
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APPENDIX B 

AUTOMOTIVE MECHANICS COURSE OUTLINE 



Section 1 : Shop/Laboratpry Practice 

■■ - ^ 
I. Automotive Shop/Laboratory Safety 

A. General Causes of Accidents 

1 . Improper attiti^de 
-a. Disregard for rules of safety 

b. Recklessness 

c. Laziness \ 

d. Uncopperativeness 

e. Fearfulness 

f. Impatience " , 

* • g. Lack of consideration 

/ h^lmmaturity - 

2. Lack of knowledge or skilly ^ 

a. Lack of understanding what is to be done 

b. Lack of conviction of need ;fof following 
prescribed proc^edurfes 

B. Personal Causes of Accidents 

1. Operating equipment without perpissioiK 

2. Neglecting to secure assistance when heeded 

3. Failing to warn other pe9ple about unsafe prac- 
• tices OF equipment 

Operating equipment at unsafe speeds 
.Wprking too fast 
6> Neglecting to use safety devices 

7. ^Usi^Lhands instead of equipment for holding 
matiPl^ 

8. Assummg an unsafe position or posture . 
- 9. Working unsafe equipment 

10. Distracting, teasing, abusing, and startling others 

1 1 . Failing to use proper clothing and protective gear 
* C. (Refer to Industrial Arts Safetj^ Instruction, published 

by the California* State Department of Education, as 
well as safety instructions issued by the offices of 
county superintendents of scho^ and by ^school 
districts.) . ' . 

n. "^Automotive Tooh and Power Equipment 
A. App'recfation of Tools 

1 . Development \ 

2. Value to society 
B : Care of Tools 




1 . Storage oft 
2/Maintenartce^ 

a. Sharpening^ 

b. Lubricating. 
Repairi^ig 

Fe port- tools in need of repair.) 



C. Classification of Automotive Tools 
L Chisels 

" a. Cape , 
>b. Cold . ' > 

c. Diamond-point 

d. Half-round 

e. Roundnose 

2. Drilling tools 

a. Hand drill 

b. Electric drill 

c. 'twist drill 

d. Reamers 

3. Files 

■ a. MiU * 
J?. Taper t^j^ ' - ' 

c. Square. 

d. Round 

e. Half-round . - 

f . Breaker-point 

g. Vixen-cut (body) 

4. Hammering tools 

a. Ball peen hamnier 

b. Rawhide-faced mallet 

c. Plastic-tipped mallet ' ^ 

d. Brass mallet 

e. Rubber mallet 

f. . Sledgehammer * 
" g. Dinging hammer " 

5. Measuring tools 
- a. Feeler'gauges 

b- Micrometers 
&. Steel rules 
Pliers ^ 

Slip-joint (combination) 
Diagonal (cutting) 
L6ng:nose (needle-nose) 
Round-nose 

type (channel-lock) 
Sj<fe-cuUjpg (electrician's) 

%grip ' 
BrSke-spring 
Hose-clamp 
PttTiefies 

a. Aligning ^ 

b. Center , 
c: Pin \^ 
d. Starting * * 
Hacksaw 
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9. Screwdi'ivers ■ . . 
.a. Standard-tipped 

b. Phillips . . - 

c. Clutch 

d. Offset . . 

e. Sets(;rew dqver (Allen wrench) 
10. Shearing tools 

a. Straight sliears^ 

b. Combination shears 

c. Duckbill shears 

d. Multileverage (aviation) shears 
• 11. Soldering tools 

'^^a. .Solcjering copper ^ ^ ' > 

(1) . Standard 

(2) Electric ' 

b. Fluxes * . • • 

12. Threading tools 
al Taps 

(1) Taper ' ' ' 
' (2) Plug 

(3) Bottoming 

(4) Machine SQrew 
b. Dies 

J 3. Wrenches and handles 
Open-end wrench 
Box-end wrench 
Socket wrench 

(1) Standard 

(2) Deep 

(3) Universal 
Torque wrench 
Adjustable-end Vj^ench 

I. Monkiey wrench 

g. Pipe wrench 

h. Handles 
' (1) Speed (spinner) 

(2) Ratchet 
. (3) Flex (break-over) 

(4) Tee 

i. Exteiisions , 

14. Specialized tools 

a. Pneumatic 

b. Hydraulic 

c. Electrical testing 

d. Engine and accessories' testing 

e. Body and fender 

1 5. Power equipment 

16. Welding equipment 



Section 2: Automobile Components 



I. Eijcine-' 

A. Purpos6 

B. Types ^ 

1. Infernal combustion 

2. External.combustion 
Sysfbms 
1. 
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I. Automobile Comjfcnents 

A. Engine 

B. Framework 

a Power Train \ 

D. Body 

E. Accessories 
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Fuel system 
... a. Purpose 
,b. Components 

(1) Fuel tank and lines 

(2) Fuel filter 

(3) Air cleaner (wet and dry) 

(4) Fuel pump . 

(5) Carburetor 

(6) Fuel iaectors 

(7) Intake*tanifold 

(8) Fuel-level indicator 

2. Ignition system 

a. furpose % 

b. Components ^ 

. (1) Battery (6 or 12 volts) 

(2) Distributor 

(3) Magneto 

(4) Coil 

(5) 'Spark plugs 

(6) Ignition switch^ 

(7) Wiring 

3. Lubrication system 

a. Purpose ^ v 

b. Components j 
^ (1) Oil pump 

(2) Oil filter 

(3) Oil galleries and passages 

(4) Oil-pressure in<iicatoi|' 

(5) Crankcase ^. 

(6) Crankcase ventilator 

4. Cooling system 
Purpose V* 
Types ' 

(1) Liqyid-cOT)led 

(2) Air^:ooled ^ 
'Components 

(1) Radiator 

(2) Fan blade 

(3) Water pump 

(4) Water jackets and passages 

(5) Thermostat 

(6) Tefngerature indicator 

5. Electrical system 

a. Purpose 

b. Components 

(1) Battery \ 
: (2) Regulator V^*^ 
(3) Generator/alternator 
(^ Starting motor ' 
(5) Wiring 
>^ (6) Switches 

(7) All activated components 



a. 
b. 



c. 
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IJI. Friinicwor^ 
Pi. Purpose 
B. Construction 

1. Box type 

2. X-typc- 

. 3. Unitized type ' . , • ^ 
Cj Units Attached to Framewqrk 

1. Engine , . ^{ V 

2. Suspension system fn^ntVnd rear) 

a. Springs \ \ 
•-^1) Purpose Vk\ 

(2) Types Vj 
^ id) Coil 

(b) UniinaMfd leaf 

(c) Single iSf • " 

(d) Torsion bar 

(e) Air suspension 

b. Shock absorbers 
^ ^ ' "to Purpos^ 

(2) Type: direct-acting, telescoping 

c. Steering system: purpose 

d. Brakes 

\ (I) Purpose ' 

I . (2) Types ^ 

(a) Mechanical - 

(b) Hydraulic 

(c) Pneumatic 
'(d) Electtic 

(e) Rigid or independent 
(3) Components 

(a) Brake-pedal assembly 

(b) ' Master-cylinder assembly 

(c) Brake lines 
(dj Wheel-cy^indeif assembligs^ 

. (e) Wheel-brake assemblies 
(0 Hand brake 

(4) Principle of. operation 

(5) Power brakes 
Tires 

(1) Purpose 

(2) Types' 

(a) ^Tttbe-type . 

(b) Tubeless 

(3) Classification 
(a) Size 
.(b) Plies 

' (c)^ Material <^ 



3. 
4. 



5. 



V. 
A 

C 



D 




{ 
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b. Types 

(I) Standard: !n'4nual shift 

\i) Automatic 
• (3) Overdrive , 
Propeller shaft: purpose 
DfffcrentiaLn . • 

a. Purpose 

b. Gear ratio 
Rear axles 

a. Purpose 

b. Types 
(l)k Live: rear 

-^(2) Pead: front 



Body 
Purpose ! 
Design, (streamm; 
Construction 
^1. Pressed-steej panel 
V2. . Reinforcing members 

3. Attaching brackets - 

4. Attaching bolts (rubber-mounted)* 
Components 

1. Firewall assembly 

2. Instrument-panej assembly 

3. Floor assembly 

4. Roof assembly 

5. Doors- and center-pillar assembly 

6. Rear-quarter assemblies 
'7. Rear-end assembly . 

8. Front fenders, hood, and grilj[assembly 

9. Windshield and glass assemblies 

10. Seats 

11. Body-ventilating system 

12. Headlining assembly 

13. Exterfor molding and trim 
Finishes ■ ^ 

, Body Styles 
K Sports coupe and sedan 

2. Convertible 

3. Sedans x 

4. Station wagons 

5. Sports cars 

6. Compacts 

7. Sports wagons (buses, others) , 

. 8. Pick-up trucks, trucks (assorted sizes and uses) 



0 



(v. Power Train , 

A. Purpose . 
, B. Components 

1. Clutch 

a. Purpose 
' b. Types commonly, used 

(1) Singl^e dry disk 

(2) Fluid coupling 

2. Trdhsmis'sion 
a. Purpose 




VI. Accessories ^ ^ 
. A.l.Defmition 1 

1. Comfort/convenience 
.\ 2. Safety an^safety behs.^ 

B. ^Examples 
' 1 . Radlio ^ 

2. Heater,^defrostep<'air conditioner 
.3. windshieldViper " / 

4. Clock 

5. Back-up Ifghts; 
i . 6.«Spotlight • \ 
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, 7. Courtesy light \ ^ . . - 

8. Automatic light-dimmer 

" • ^ Sectjon 3:^Types'of*Engines ^ 

I. l^kpose o£ Engine Cl^iCcation ^ 

A. To DiffeTentiate\Between Engines for Clear Commu- 
nication % * " 

B. To Categorize? Eh^nes by Cx)mmon General Features 
^ D«scribJ Engines for Information and Possible 

"^Application > , * ' .. , " 

n.Xriteria fbf Engine^Qlassificafion ^ ' 

A. Types of Fuel 

1 . Gasoline (high and Jow compression) ' * 
^FUel oil (diesel, Hesseiman)* - ' 

3t Liqije^rted petroleum gas (LPG) 

B. Cycling^' ^ . ' * - 
.1 . Four-stroke cycle 

2. Two-stroke cycle 

C. Cooling ' ' ' ^• 

1. Liquid -cooled 

2. Air-cooled 

3. Combined ^ ^ ^ 

D. Valve Arrangement 
I. L-head (flat head) 

* 2. I-head (overhead valve) 

3. F-head (combination L- and I-head) 

4. T-h*d • 

E. Cylinders — 
" I . Numl^r of cylinders 

. 2. Anangement of cylinders 

a. Inline 

(1) Vertical 

(2) Inverted 

(3) ^lant or tilt 

b. Vee 

(1) Vertical 
<2) Inverted 
(3) Variable angle 

c. Opposed (pancake) 

d. Radial 

. (I>-SfeigleJ>ank 

(2) MultiWjik 

e. Rotary WanKcl 

Z. Use . . ' ^ p 

1. Passenger car ^ 

2. Truck or bus 

3. Agricultural machinery 

4. Construction equipment 
.5. Aircraft 

6. Motorcycles 

7. Railroad engines | 

8. Marine ^ 

9. Stationary 
10. Specialized lise 




G.^Ideafctfication 

1. "Manufacturer's name 

a. Real -rtiantifacturef: Ford, General Motors, 
othtrs * ^ 

. b. ApplicatioiXmanufaclurer: International Har- 
^ vester,GiBig^lEyplid> others- 
- 2. Pesigner's name y , / 

-a. iQdividbal designer: Diesi^I, Wankel, others 
' ^ b. Multiple designer: Pratt and Whitney, others \ . 
3. Spriesji^mber (390, FlOO, 300G, others). " 

ij. Additional Types and Innovations ^ 

1. Turbojet ' - • «. 

2. Ramjet 

3. Gas turbine , ^* ' • I ^ 
~ 4. Free piston 

5. NSU-Wankel 
0. Rocket 

7. Fuel cell 

8. Solar 

9. Electric 
10. Steam 



Section 4: Engine Operation and Measurement 

\^ 

I. Physical Principles Related to Engine Operation 
A. Definition of Physical Principles 
Structure of Matter 




B. 



I. 



a. 
b. 



2. 
3. 



C. 



D. 



Atoms 
Size 

Structure 

(1) Electrons 

(2) Protons 

(3) Neutrons 
Elements 
Molecules 

a. Structure « 
b". Chemical reaction 
States of Matter , \ 

1. Liquids 

2. Solids 

3. Gases 
Combustion 

1. Definition 

2. Products of combustion 

a. Heat 

b. Light 

c. By-products 
•Heat 

Change of State 

1. Definition 

2. Method of accomplishment 

a. Applicaj^on of heat 

b. AppUpffion of cold 
G. Expansi^i^f Matter 

1. Liquids: thermometer 
1. Solids: thermostat 

3. Gases: combustion chamber 



E. 
F. 
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H. -Pressure Increase 

1. " Cause 

2. Results ^ ^ 
a. Temperature increase 
b: Compression 

I. Gravity , 

1. Defiftkion 

2. Measurement: weight 
J. AtmotpheriC'Pressure 

L Definition 
2! Wei^lS^of;air-»4. 

3. Fr^Kjpeirted 
K. Vacuum / j ♦ 

1. Definition 

2<, "Partial vacuum" 

ill. JEngine Operation 

A. Cylinder Design 
^ 1 . Description 

^ 2. Sealing 

a. Head 

b. Valves 

B. Piston 




r 



c. 



D. 



1 . .Def^scription 

2. Piston fit 

3. Material^ used 

4. Piston action 

, a. Combustion 

b. Heat 

c. Pressure increase 
Piston Rings * . . ' ^ - 

1. Purpose 

2. Location 

3. Types 
Valves 

1. Type 

2. Purpose 

3. Ports V. . ' 

a. Intake V 

b. Exhaust , . 
Valve operating mechanism.; 



a. Camshaft 

b. Cam follower^ or lifters 

c. Pushrods a . ' 

d. Valve spring 

e. Rocker arm ' \ 

E. Crankshaft 

1. Purpose * V 

2. Description ' \ 

3. Rotary motion \ 

F. Action in Cylinder 

1. Definition of "stroke" 

a. BIK ♦oTDC 
. TDC o BEX: 
2 1 our-stroke cycle 

. ^ 'VI crankshaft revolutions 

b- l our strokes 

(1) Intake 

(2) Compression 
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] (3) Power 

/ (4) Exhal 

* ^ 3. Two-stroke cy< 
. -4.. Diesel engines 

' g! Flywheel 

1. Description 
2 '. Purpose . • - ' 

III. Forces * *. 

• A.' Work ^ ' f 

^..1, Definition 

2. Illustrations 

3. Measurt in^, terms of dista^e and force 
' AJPormvla'.WorkffXd 

^(t.nexgy ^* 
1. Definition 
^ 2. Potential 
' 3. Kinetic . 

C. Power 

1. Definition 

2. High-powered machine 

3. Low-powered machine 

4. tlorsepower 

a. I>efinition . 

b. Fomula: Hp 

33,000 X time 

D. Inertia 
' 1 . Definition ' • 

2. Evidence^ of inertia at^work 

E. Torque^ - 

1 . Definition „ 

2. Methpd of measure (foot-pounds)^ 

3. Formula: Tonfue = force X distance (lever arm) 

F. Friction 
1 . Definition - 

- 2, Type^ , - 

a. -Dry v ^ 

b. Vis<^0us [ 

c. Greasy 

IV. Engine.Measurements 
A. Bore 

1. Definition * ' 

2. Method of determination 
. B. Stroke 

1. Definition 

2. Method of determination 

C. Piston Displacement 

1. Definition 

2. Yotmuhi'. Dis]^lacehient 
' . 4 

3. Multicylinder^ total displacement X number of 
If cylin(l^rs 

D. Compression Ratio 

1. definition . ' 

' 2. Clearance volume 
3. Formula;. Cylinder volume @ BDC \ clearance 
volume 



4. Problem related to higher compression ratios 
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a. Power increase 

b. HPredetonation more aciite (knocking) 

► V. Engine Power Output 

A. | Brake^r&^power (bhp) 
' 1 1. Definition 

2. Proriy brake test 

B. IndicateU Hprsepower (\l\p) 

1. Definition ^ 

2. Oscilloscope test' 

C. Friction Horse£ower (flip) . 
1. Definition , 

v^^ethod of, determination 

D. SAE^Horsepower ^ 4 

1. Definition 

2. Purpose ^ 

t. Engine Torque ^ 
L Definition' 

2. Method of determination 



VI. 

A. 



C. 



VU. 
A. 
B. 
C. 



Engine Efficiency 
Mechanical Efficiency 

1 , Relationship bejween bhp and ihp 

2. Formula: ME^=-5hp ^ihp (answer in percent) 
Thermal Efficiency 

1 . Relationship between power output and energy in 
fuel burned 

2. Heat losses 

a. Cooling by water and oil (35 percent) 

b. Lost in exhaust gases (35 percent) 

3. Limitations to thermal efficiency ^/ 

a. Excessive heat 

b. Breakdown in lubrication system » / 
Volunfetric Efficiency 

1. Relationship between amount of fuel-air nlixture 
actually entering cylinder and amount th^t could 
9i^er 

2. Factors affecting volumetric efficiency 

a. Engine rpm 

b. Temperature of fuel-air mixti 

Overall Efficiency 
Rolling Resist£lnce 
Air Resistance' 

Acceleration (overcoming of inertia)* 



3. Location 

4'. Manifold heat-control valve ^ ^ 
D. Manifold Inspecifon 

1 . Check for wargage 
^ Check for cracks ' 

3. Check surface / 

4. Check heat-controf valve for freene'ss 

II. Cylinder Head 
^ -A. N^ethods of ManujSctute 
• . K Materials us^ ( 

2. Efesign 
Types 

1. Valve-in-Ji 

2. Flat head « 
Purpose 

1 . Combustion chamber 

2. Water jackets ^ 

3. loftake and exhaust ports and passages 
Robker-Arm Cover ^ v 

Oil'Pan .. 
A. .Methods of Manufacture 
/ 1. Materials used 
' 2. Design 



B. 




D 



m 



/B. 



Purpose 
1. Baffles 
Oil troughs 
Nozzles ^ 
Drain plug 
Seals 



Section s: Engine Construction 

I. Manifolds 

A. Methods of Manufacture 

1. Materials used 

2. Design 

B. Intake Manifold 

1 . Purpose . / 

2. Types 

3. Location 

C. Exhaust Manifolds. 

1. Purpose 

2. Types 
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C. OUPump . ^ ' 

1. Purpose 

2. Types 

a. Gear 

b. Dual rotor 

3. Location 

4. Oil intake 

5. Screen 

IV. Valve Train 
. A. Camshaft 

1 . Methods of manufacture 

2. Purpose 

3. Types 

a. Stock 

b. Other grinds 

4. Location 

5. Components 

a. Cam lob^s 

b. Fuel pump eccentric 

c. Distributorihrive gear 

d. Bearing joijiials 

e. Thrust plate 

6. Camshaft timing gear or sprock 

7. Timing chain 

B. Valve Lifters (Tappets) 
, 1 . Purpose • 
2. Location 
a. I-head 
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b. L-head ^ 

c. F-head ^ 
3. Types 

a. Solid/^ 

b. Adjustable 

c. Hydra 
C. Push Rod i 

1. Purpose 

2. Location/ 

3. Types 
a. TubuFar 

i . "b. SoUd^ 

Rocker..^ and Shaft 
"1. Purpose 
t * 2. Rocker-arm types 

a. Cast 

b. Forged 
tf:. Stamped slStel 

• 3^ockerTartn shaft * 

a. Location 

b. Purpose 

^^'^--E, Valye Guides 
L ftirpose 

2. Location 

3. fypes 
a. Pressed in 

^* b. Slip in 

c. Integral 

4. f^ifter guides 

F. Valves 
. 1 . .Methods of manufacture 
2r Purpose / * 

a. Intake ^ 

b. Exhaust 

3. Types (past and present) 
■ a. Rotary 

b. Sliding-sleeve 

c. Poppet or mushroom 

4. Parts of poppet valve 
' . , a. Head 

b. Margin 

c. Face 

d. Neck . , 

e. Stem 

0 f. Spring-retainer lock groove 

g. Tip 

5. Valve c9olipg 
a. Purpose 

. b. Method 

(1) Water jackets 

(2) Water-distributing tube 
c. Sodium valves 

6. Valve seat ' 

a. Purpose 

b. Types 

(1) Direct 

(2) Inserts 
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c. 
d. 
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Valve Springs 

1. Purpose 

2. JFypes 

a. Single 

b. *' Double 
Retainers 

a. Stationary 

b. Free type 

c. Positive type 

4. Retainer locks (keepo^s) 

a. Conical 

b. Pin ' \ 

c. Horseshoe 

H. Relationship ofParts in L-Head Engine 
I . Relationship of Parts iq^-Head En^ne/ 
J. Relationship of Parts^iivF -Head En^e 

'J^\^^ and Connecting Rod Assembly 
A. Bisto^ 

^?1. Methods of manufacture 
^ 2. Purpose 

Parts of piston 

a. Jiead * 

b. Ring grooves 
Ring lands 
Pin boss and bushing 

, e. Skirt 

(1) Major thrust fac^' 

(2) Minor thrust face 
4. Expansion control 

a. Steel ri: 
* b. Struts 
cC^ots 

d^am ground pistons 
Piston Rings 

1. Methods of manufacture 

2. Vurpose 

a. Seal compression 

b. Control oil 

3. Types 

a. Compression 

(1) Plain 

(2) Tapered 

(3) Grooved 

b. Oil control 

4. Ring joints 

a. Types 

(1) Butt 

(2) Angle 

(3) £ap 

b. Ring gap 

5. Ring expanders 

a. Purpose 

b. Location 

6. Coated rings 

7. Chrome-plated rings 
Piston Pin 
1. Purpose 




C. 
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c. 

e. 
f. 



2!P Types ' ' 

a. Center-lock 

b. End-lock ^ 

c. Slotted 

d. Press-fit ' 
' e. Floating 

^ Connecting Rod 

1. Purpose % . 

2. Method of manufacture ^ 
3/iParts ^ \ 

a. ^od \ 
. b. Little end (bushing) 

Big end > 
Rod cap 

Oil holes # 
Rod nuts 

(1) Safe wire 

(2) Se[f-locking 

(3) Cotter pin 

(4) Pahiut 
g. Ton^e and groove 

^ 4. Rod stretch and reconditioning ^ , 
5. Alignment of oil holes ^ 

VI. Bearings * . . » 

A. Methods of Manufacture 
. B. Purpose 

C. Types 

Bushings ' 

2. Sleeve 

3. End thrust " , . 

4. Poured 

5. Semi-fitted 

6. Precision insert: types of metal overlays 
• 7. RoHer . \ 

&. Ball 
Location 
1. Main bearings 

i)onnectin^-rod bearings 
'3. Camshaft' bushings 

4. Piston pin bushings 

5. ' Clutch piJqt-bushing or -bearing 
6: Camshaft thrust plate 

E. Oil Clearance 

F. R^equirements ^ 

1. Load-carrying capacity 

2. Fatigue resistance ^ 

3. Embeddability 

4. Conformability 

5. Corrosion resistance 

6. Low wear rate 

VI!. Crankshaft 

A. Methods of Manufacture 

1 . Materials used 

2. Design 

B. Purpose 

Connecting rod throws , 
2. Main bearing journals 



D. 




3. Counterbalances 

4. Oih passages 

5. Oil slinger/thrust pad 
^C '^ Flywheel 

1 . Purpose * 

a. Supplier inertia to^rankshaft 

b. Engages with starter mot6r 

c. Driving member of clutch 
* 2. Location 

Crankshaft Timing-Gear or Sprocket 
Vibration Damper 

1. Purpose 

2. Construction 

3. Location * - 

Cylinder Block 
Method^ of Manufact^e 

1. Materials used 

2. t)esign 
Purposes 

1. Cylinders ^ 

2. Water jackets * 

3. Welch plugs (soft plugs) 

4. Intake and exhaust ports and passages 

5. V^ve-Iifter chamber 

6. Oil galleries 

7. Pressure relief valve ; 
Engine Serial Number Location 

Gaskets 
Materials Used ^ 
1. 
2. 
3. 
4. 
5. 
6. 



D. 
E. 



\^I. 



B. 



C. 

IX. 

A. 



Soft metal 
Fiber 
Rubber 
Nco£rene 
Cork 
Leather 

B. Purpose 

C. Types and Location 

1. Cylinder head 

2. .Oil pan 

3. Push-rod cover 

4. Valve cover 

5. Manifolds 

6. Timing-gear cover and seal 

7. Main bearing seal 

X. Miscellaneous Components 

A. Beli Housing 

1. Purpose 

2. Dust cover 

B. Engine Mounts 
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Section 6: Engine Lubrication^ystem 

I. Purpose of Lubrication S^em ' 

A. Lubricate Moving Parts to Prevent Wear 

B. Lubricate Moving Parts to Reduce Power Loss from 
Friction . • ^ 

C. Act as Cooling^gent 
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D. Absorb Shock Between Bearings and Other* Moving 
Parts ,v ^ 

E. Form Seal Between Piston Rings and Cylinder Walls 

F. Act as Cleaning Agent . . 

II. Theory of Lubricati^ . • 
A. Friction Bearings 
B! Antifriction Bearings , • 

C. Oil Passages ' t • . \. 

1. Circulation 

2. Location.. 

a. Internal 

b. External 

in. Source of Oil • 

A. History and Development 
^ 1* Discovery 

\ 2. Early uses 
y 3. Oil and^utompbile 

B. Modena^ProCesses 

1 . Modern oil fields 

2. Refining ^ 

IV. Properties of Oil 
A. Viscosity ^ ^. 

, 1. Body 
2. Fluidity 
Viscosity Ratings 
1. Viscosimete/ 
;2. Temperature 
Viscosity Index 

Resistance to Carbon Formation 
Additives „ ° , 

1. Oxidation inhibitors 

2. Antifoam agents 

3. Detergents 

4. Antiwe^^ditives 

5. Acid inhibitors 

6. Varnish inhibitors 
' 7. Sludge inhibitors ^ 

V. Water Sludge Formation 
^ A. Process of Fofmation ^ 

'[■\ B. Prevention of Sludg^ 
* * 1. Types of car operation 

2. Temperature 

3. Crankiase ventilating system 

VI. Service Ratings of Oil (API)- 
A.MS - 

. B. MM 
C- ML 

D. DS 

E. l)G ^^ Jj: ' [ ' 

VII. Qtffi^ * . - 
^A. Piii^bse . 

1 . Repbce contaminated oil 

2. Keep\ngine cleaii 

3. Drain oil • 
a. From below 

^ b. From above 



B. 



C. 
D. 
E. 



B. (*il Change Interval 

1 . Factory recommendation^ 

a, For engine with oil filter 

b. For engine without oil filter 

2. Other recommendations 



VIII. 
A. 



B. 



Oil Consumption 
Causes f 

1 . Engine condition 

2. Eh-iving conditions ^ 

3. Mixture of oiTtypes 
Corrections ^ 
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B. 



rC. 



juIX. Types of Lubrication Systems 
f A. Splash 

B. Pressure Fe^ 

C. Combination of Splash and PresSurg Feed 

X. Oil Pumps 
A. Purpose: Circulation 
Location 

1. Internal 

2. External 
Types 

1. Gear 

2. Dual rotor ^ 

3. Vane " 

4. Plunger , . 
Theory of Operation - 
•1. Capacity 
2. Priming 

Method of Driver . • 

1. Distpbutor 

2. Cam gear ; 

3. Crankshaft gecft: 
Parts ' 



D. 



F. 



•1. 
2. 
3. 
4. 
5. 
6. 
7. 

a. 

9. 



Camshaft gear 
Shaft 
Body , 
Drive gear 
Idler geajT 
Cover/ 
Int^ 
Outli 
Screen 



XI. Relief Valves 

A. Purpose, 

B. Types 
,1. Plunger 

^\ 2. Bill ' 

C. Location 

1. Block 

a. Internal 
* b. External 

2. Pump 

D. Operation 

XIL Qil Filters 

A. Purpose 

B. Location ^ 
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C. Types ^ , 
1. By-pass 

. ^ '2. FuU-flow 

D. Theory of Operation 

E. Change Interval 

XIIL ^Oil Coolers 
A. Purpose 

Locati^l^ ' ^ 



c. 

D. 

E. 

xiy. 

A. 
B. 




Op€fKion Y 
Transference of Heat 

Oil-Pre^ure Indicators 
Purpose 
Location 
K Dash unit \ 
2. Engine sender unit 
C. Types 

1. Bourdon tube 

2. Electric 

a. Balancing coil 
' h. Bimetal 
, c. Warning light 
XV: Crankcase Ventilation 

A. Pprpose 

B. Types 

1. Standard \ 

2, Tositive^ 

C. Operation \ 

D. Smog Control 

Oil-L^vel'IndiJators 
Purpose 
. Location 



Section?: Engine Cooling System 

• ./ 

I. Purpose of Engine Cooling System 

A. Maintain Efficieilt Engine Operating Temperature 

B. Regulate Enginfe Operating Temperature t^ Driving 
Copditiops. 

MaiatimTemperature Limits 
Results of overheating 

a. Breakdown of lubrication oil , ^ 

b. Damage, to bearing and moving parts 

c. Warpage and cracking of cylinder head 
^ d. Loss of coolant 

^ e. Stoppage of water circulation 
V f . Changes in clearance 
2. Results of overcooling • 
•a. Loss of engine thermal efficiency / . ' 

b. Excessive consumption of fuel 

c. jDilution of engine oil 

d. E^Ttnatipn of sludge ... 

(1) Lubrication failure 

(2) Corrosive acids 

e. Changes in clearance 
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II. Jypes of Cooling Systems 
, A/^-Cooled 

^1. Cooling fins . 
2. Circulation of au: 
B. Liquid-Cooled 

1. Thermosyphon 

a. Gravity 

b. Natural laws of wa^r circulation (convection)* 

2. Forced circulation / J ^ ^ 

a. Me^od of circul|nion 

b. Circulation xiiyrer pressure ^ \^ 

III Four EssdSuals of CGi)ling Sysfem 

A. Absorption 

B. Circulation 

C. Radiation * ^ 

D. Control ' 

IV. Water Jackets 

A. Cylinder Block 

B. Cylinder Head f 

C. Water-Distribution Tubes . 

D. Water Nozzles Y 

E. Soft Plugs (Welch Plugs) \, 

V, Water Pump 

A, Purpose , 

B. Type Used , 
' C. Location 

^D. PartX 

1. Housing 

2. Water inlet , 

3. Water outM 

4. 'Impellerj^ 

5. Shaft • / ^ 

6. Seals . ^ 

7. PuUey', , • • 

8. Bearings ^ • 

E. Theory of Operation 

F. Method of 'Dri\(e 

^VI. Engine Fan 

A. Purpose 

B. Location 

C. Method of Drive 

VII. Radiator 

A. Purpose 

B. Compartments 
1. Air passage!^ 

. 2. Water passages 

C. Radiator Types 

1 . Ribbon cellular 

2. Tube and fin 
^D. Radiator Parts 

• 1. Radiator shell _ . 
* 2.\ JRadiatpr core 
Va, Top header 
tb.'Watcr tubes 
^ a. Air fins 
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VIII 

A. 
B. 




Fan shroud 

hell attaching bolts • 
\iti\v\tx Y I 
ater outlgj^ / 

7. Upper tank 

8. Lower tank | 

9. Connecting hosts 
10. Drain cock \ 

^Draining Radiator 1 

1 . With pressure cap\ 

2. Without pressure c^ap 

. Thermostats \ 
Purpose \_ 
Location , * '\ 

1. Water-co61ed/^ \ 

2. Air-cooled 

Ty^es. \ 

1. Bellows ; ^ 

2. Bimetallic 

3. Solid expansion , ; 
Thermostat Parts 

1. Case ^ . 

2. Bellows of' sprin:g 

3. By-pass valye : . 

4. Air-bleed hole ^ i 
E. Ainciples of Operation 

V. Temperature ranges '* 

2. Water circulation: cold 

3. Water circulation: hot 

IX. Radiator Pressure Cap 

A. Purpose 

1. Improve cooling efficiency 

2. Prevent evaporation v 

3. Prevent surge losses 

B. Physical Priiiciples i 
1 . Pressure increase 

' 2. Boiling-point effects 

C. Pressure Cap Parts 
J^. Vacuum valve 

" 2. Blowoff vjilve 
'3. Overflow pipe 
Pressure Cap Capacities' 



V 



1 



D. 



X. Temperature Indicators 

A. Purpose 

B. Location 

1 . Dash unit -\ , 

2. Engine unit i 

C. Indicator Types 

1 . Vapor pressure 

2. Electrical 

a. Balancing coil y 

b. Bimetal thermostat 

XI. Antifreeze Solutions 

A. Purpose 

B. Physical Principle 

1. Freezing: expanding force 



2. Prevention of freezing 

Requirements forJGood Antifreeze Solution 

1 . Mixes readily with water 

2. CiitiSates freely^ 

Art ' ' 

3. Must not damage system byi 

4. /Mjj^tnot freezp--\^ t5) 
Inadequate Antifreeze Solutions 
1. Salt solutions/ 



prrosion 



y 



is 



F- 



XII. 
A. 
B. 
C. 



2. Sugafssplutio 

3. Oil products 

4. Keroseni 

5. Glycerin 

Temporary Antifreeze Solutions 

1 . Alcohol V ' 

2. Alcohol base, n^^rials 
' a . Low boUinf j^^>iiit 

b.' Evaporation 
Pgrminent Antifreeze Solutions 

1. Ethylene glycol materials: percentages 

2. Methanol materials: percentages 

Radiator Additives 
Cooling System Cle; 
Sealer 
Acid and 




Xin. Special 

A. '! Surge , , 

B. Radiator fcdye^^jM^ 

C. Radiator ScirawasJ^ 

-^Hot-Warer Car Heater 
A. Purpose - '-..y^'^ 
*B. Parte - 

1. ^eater rai^'at 

2. Fan motor 
< 3. Fin blades 

4. Connecfiffg hoses 
The or^ oPQbe ration 



tor 
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ion 8; Engine Fuel System 



^ I /*^Purpose of Engine Fuel System 
, Store Fuel » 
.. B:. Deliver Fuel to Engine • 
. ^ C* Mix fuel and Air to Proper Proportions 

*'II; History and System Types 

A, Gravity Ipeed System 

L 1 . Tank located higher than carburetor 

\2. System used about 1900 to 1931 ^ 

B. Vacuum System 

1 . Vacuum tank located higher than carburetor 

2. Intake-manifold Vacuum applied to vacuiim t^nk 
3.. Gravity from vacuum tank to carburetor 

4. System in vented^bout 1920 
C- Pressure Sy^em . % " 

1 . Fuel tank under^^ 2 to 4 pounds higher pressure 
/\ than atmospheric r 

2. HandT)ump on dash for starting 
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3. Engine pump use9 after iinning 
.4. System used in some higher-priceT/Ears 

1915 . \ ' . ' 

"Propane and Butane Systems 

1 . Creates own pres3ure 

2. Stosed as a liquid 

3. Releisek as a vapor 

4.7 Used in localities where reajlily available 
5/ UseJnowpn some installJ 
Pump Systern * 

1. Draws from tank by vacuum 

2. Forces to carburetor by pressure 

3. Now standard typCof installation 



about 



A. 




III. Fuel Tanks . ^ 

A. Purpose 

B. Location 
* G. Structure 

1. Metal: spark proof il 

2. Corrugation ) - 

3. Baffles |'* 

4. Filler pipe 5 

5. Filler cap 

6. Vent ^ • 

7. Gauge sending-unit location 
8.. Fuel line' >^ , 
9. FUter screen 

10. DraiQplug « 
i 

IV. Fiiel-Level Indicators 

A. Purp9se 

B. Types 




if 
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1. Stick H 

2. Hydrostatic 

3. Mechanical 

4. Electric (j^ 
a/ BimetaJtype 

b. Balancing coil type 



V. Fuel Lines 

A. Purpose 

B. Types^ 

1. Steel 

2. Copper 
37- Flexible 

C. Fittings 

1. CompiGssipn 

2. Flared 

D. Location 

1. Vibration 

2. Sharp edges 

3. Heat 

VI . Fuel Pumps 

A. Purpose 

B. Location 

C. Diaphragm Types" 

1. Bellows 

2. Plunger 



B. 



3. Impellisr,, 

4. Combination 
Operation * / 

Carburetion 

Carburetor' Fundamentals . 

1. Purpose of carburetor 

2. Physical principles 
^ a. Atmospheric pressure 

b. Vacuum 

c. Evaporation 

d. Atomization 
Carburetor Basic Parts 

1. Air horn ^ 

2. Venturi 

3. Fuel nozzle ^ 
4^hrottle valve ( 

C. Fuel Mixtures 

T.-Rich / / . ^ 

a. - Ratio . ^ 

b. Conditions wheii needed 
2. Lean , ^ 

a. Ratio 

b; Con4itions when needed 

D. Float Circuity 

1. Purpose^ 

2. Op_e/ation « ' 

3. f^g-pump control, 
a. CLeverage ^ .^f^ 
b 

M-: Coni 

a. Horseshoe float 

b. Dual-float assembly 

5. Dual-float circuits 

6. Float-bowl vent 

a. Balanced 

b. Unbalanced 

7. Air bleed: purpose 
^. Adjustment I 
^ a. Fuel levelltoo low 

; b. Fuel l^ej/too high 
,E. Idle- and Low-*peedTircuit 

1. Purpose I 

2. Operation \ 
Air-horn conditions 

b. Idle circuit 
C; Low-speed circuit 
d. Air bleeds 

3. Adjustment 

a. Idle speed 

b. Idle mixture 

F. High-Speed Part -Load 
1. Purpose 

» 2. Operation 

a. Mechanical (met 

b. Vacuum (power 

G. High-Speed Full-Rower Circuit 
1. Purpose 
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). Hydraulic||Af^rface 
I^oncfifitric ^ 
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J. 




K.- 



VIII. 
A. 
B. 



.2. Operation . - 

a. Mechanical (meteriQg rod) 

b. Vacuum {power v^lve) * 
• c. Combination me\:hajfiical and vacuum 

AcceIerator-^Uril]j3 Circuit 

1. Purpose ♦ • 

2. Operation 

a. Plunger 

b. Diaphragm** 

3. Adjustment 

Choke Circuit o * 

1 . Purpose 

2. ' Manual operation 

3. Vacuum operation , * 

4. Electric \ . , % 

5. Adjustment / - ' ■ j. 
Other Carburetor Features , ^ ^ 
1. Throttle cracker 

Fast idle 
Antipercolator 

Throttle-return cheg^Ls * 

a. Dashpot | 

b. Diaphr|(gn1'^ 
Distributor-vacuum circuit 
Starter switches 
Kick-down switches 

8. Governors , v 

Carburetor Types ? ^ 

1. Fuel entry to mamftlici 

a. Downdraft 

b. .Up4raft 

c. Side draft 

2. Barrels 

a. Single barrel 

b. Two barrel 

c. Four barrel. 

(!)• Primaries ' 

(2) Secondaries * 

(3) Progres^vc linkages \- 

(4) Circuit variations'^ from single, and two 
barrel |/ 

3. Multiple carburetors ' 
• a. two-barrels 

, b. Three two -barrels " * 

c. Two four-barrels 

(1) Unison linkage 

(2) Progressive linkage 

(3) Vacuum-controlled linkage 
^. Fuel injection 

^ a. Combustion chamber 
b. Intake manifold 





Gasoline 



Air Cleaners* 
Purpose J 
Oil-Bath Type 

1. Operation 

2. Service 
Dry Type 



1. Operation 

2. * Service ^ 

IX, Fuels * 

A. Fuels in General Us(p 

1. Gasoline 
^ / 2. Benzene 

3. Benzol 

4. Alcolrol 
5". 'Natural gas*' 

6. Fueboil 

7. Propane and IfUtane 

B. Physics* of Carburetion and Comb/1 
J. .Combustion 

2. Compression 

3. Fuel knock (deton^ion and preignition) 
a. JJeat on Wegular surfaces ' » 

^ b.. Conrrpce/sion ratio 
^ c. I^ition timing " ^ ' . . 

d. Rapid burning 

(1) Antiknock v^ue ^ 
> • (2) Measurement Of antiknock. value 

(3) \Chern\cal cbntrol 

(4) Weight of air ^ 

(5) Vaporization 
' (a) Spraying 

(b) Heat 
' (c) Vacuum 
, (6) Volatility 

(a) Starting 

(b) Vapor lock 
' (c) Warm-up 

^ . (d) Acceleration 

(e) Economy 
(0, Craal^se dilution 
(&) Eva^mtion during noni><!)e ration 
fh) Atmospheric conditions 
• (i) Blend . 

C (7) Harmful chemicals. and gum 

Section 9: ^lecteical Sysfem 

I. Ptirpbseof Electrical System ^ ' • . 

A. Cranks Engine foK Starting 

B. Helps Create.High-Voltage Surge for Ignition 

C. Provides Electrical Current for Electrically Operated 
Devices' ^ 

II. Copiponents of Electrical §ystem . 
A. Storage Battery » ■ ^ 
B- Cranking Motor ^ 

» C. Generator/Alternator 

D. Regulators ^ ^ 
^|^v.,Jgnition Distributor (timpr) 
Fi'^Magieto) 

"xrcoU • :^ ' 

H. Spark Plugs 

I. ^Wiring 
J« Switches 
K. Accessory Units 
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III. 



B. 
C. 



D 



E. 



F. 
G. 



Fundamentals of Electricity , 

^Jgharacteristics . ^^ 

1. Atojms * . • * i 

a. Electrons: negative (-) . ' 

b. Protons: positive (+) % 

2. »Attractipn.ofopposite charges ^ 

J. Repulsion of like charges - r 

4. Accumulatioft of electrons: el^tric cjiarge 

5. Accumulation of electrons by gfeneratdrs and 
batteries 

' Principl^s-of Electric ^Current * 

-^Coi^ductors 

1. Example:. copper 

2. Free movement of electrons' 

• Insulators 
1.. Example: rubber 

2. Few freft electrons 

3. Prevention of loss of electroni/rpm conductors 
Electrical Terms ^ * ^ 

' 1. Voltage 

a. Electric pressure ■ . 

b. Pressure measured in volts 
2. Amperage 

a. Current flow 

b. ;Flp\y measi^jr^a in amperes 
3.. ResFstance n ^ 

, ^-afTT^esistanc^ to electrical pressure 
? 1^ b^^esist^nce measure^, in ohms 
Ohms Law 
Circuits 
1 



A-. 
B. 




' C. 
D. 



6 



« 



c. 



H. 



- \ 

[rent f[ow same in an parts of circuit 
tallfesistance equal to sum^pf individual 
(stance^ 

Itage equat tOi^^ium .p| potpiitpl differences 
across eacH oif incffij^^^ re^ijt^^ 

2. ParaUel^J^A X/;^ ' 
a. Vpltag^ame>«i)S^|JLt!e^ 

.. vb,.'^.Total current eqoi^^^su|f!v6f currents throu^ 
branches '^i'---^^ '. * 

c. Total resis^nce- equal Ho voltage across resist- 
ances divided by total circuit current' 

3. Series-parallel • 

a. Certain components in series . ^ * 

b. Certain components in parallel 
Magnetism 

1. Magnets: characteristics < 

2. Lines of fofce " 

a. Stretch between magnetic pofes * , 

b. T^nd to be parallel (do wt cross) 

Electrortagnetism k ■ ' 

1! Lines of force produced by cui^^^ 

2. Electromagnets: combined magnetic field , 

3. Permeability ^ - 
a. Iron core in coil 

. b. Increased magnetic field 



Storage Battery 
Purpose 
Cpnstructidn 

1. Container 

2. Plates . ^ ^ 

a. Positive: lead peroxide 

b. . Negative: sponge lead > 

3. Separators 

4\ ^?ost straps , ^ t 

5. Terminal posts' ^ 

6. Cell covers 

7. Cell connectors (internal ahd extehmal) 

8. Vent plugs - 

9. Sealing compound 
Principles o/ Chemical Activity * 
Battery Rating? 
1. Pefinition 

' ^. Total area 
. b. Volume of active plate matenal' 
'^^CfSAmoiint of electrolyte * 

d. Stoijgth of elecfrolyte 
2! Methoo^ of rating 

a. <, Ampere-hour capacity 

b. Cold rating . 

V. Cranking Motor 

A. Purpose 

B. Priiiciples of Motor Operation «fc> 

1. Magnetic field around conductor 

2. Conductor in magnetic field 

3. Lines of force action 
-J.'. 4?^' Current flow 

Construction of Cranking Motor 

1. Basic elements \. 

a. U^aped conductor 

b. Contacts w 

c. Brushes ^ ,* 

d. Magnets ^ 

e. Battery 

2. Components of cranking motor 

a. Armature 

b. Field-frame assembly 

c. Compiutator end-head assembly 

d. Brushes 
. e. I Drive housing . 

f. Drive mechanism ' «^ 

g. Solenoid assembly 

h. Shift-lever assembly 
Cranking-Motor Drives 
L Purpose 

2.1fTypes ^ V 

a. Overrunning clutch 



C. 



D. 
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b. Inertia — 

(1) Bendix diji^e ^ 

(2) Dyer drive 

(3) ^lo-thru drive 

c. Principles of operation 
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\ 




I 



. E. Crariking-Motdt Controls ^ 

1. Puipose . * . 

' 2. Manual oper3^on 

3, Autoniaticfcontrol: solenoid ^ 

4. Methods dfVoperatioh, 
F. Simple* Wiring Diagram ^ 

VI. •Direct-Ciirrent Generator ' %l 

' A. Purpose - 
f • Bs Principtes of Oenerator Operation 

1. Conductor mqying through magnetic field 

2. Current flow 
; 3. Magnetic lines of force - 

4. Rate of cutting lines of force 

C. Construction of Generator 
1.' U-shaped conductor 

v^2. Contacts . 

3. Brus^ 

4. ' Fi^ldlcoils • 

5. Drive Vnit 

D. Components of Generator 
1. Frame assembly 

a. Frame 

b. Field coil 

c. Pole shoes 

d. Terminals . 
'2. Armature 

3. Commutator end frame 

4. Bq^es 

5. Drive end frame • 

6. Fan ' "P"X * 

7. Pulley r 
Outjyit control ( 
Wiring diagram 

Generator Regulators (Conventional Jhd Transistor- 
ized) ' 
A/ Purpose < 

Cutout Relay (Circuit Breaker) 

1. Purpose / 

2. Construction 
Two windings * 

(1) Current 

(2) Voltage 
Core 

Armature " . 
Contacts ^ 
Spririg 

3. Operation 

a. Voltage buildup 

b. Magnetic field produced 

c. Spring tension overcome 

d. Armature closes 

e. Generator current flowing 
— (rOrX^urrentrflowsrtp^battery-^^ 

(2) Magnetic field buildup 

(3) Points held closed by current 

f . Generator curre nt flowing 
(1) Current flows fronf battery to generator 



E. 
F. 

VII. 



B. 



a. 



b. 
c. 
d. 
e. 



B. 



(2) Magnetic fields reversal-weakened ^ 

(3) Contact points separate 
X (4) Circuit openj^ 
Voh^ge-Rejulator 

1. Purpose . * 

a. Prevents excessive voltage * 

b. Maintains constant voltage 

2. Operation , ^ • 
Current Regulator , 

1. Purpose ^ > ^ 
a. R^ulates current to battery 
b;^ Protects battery * • 

2. Operation ' \^ ' 

Aftemating-CurrentScen^rator System (Alternator) 
Wiring Diagram of Alternator Circuit ^ ' 
Function of AlternatingrCurrint Generator fAlter- 
nator) - * 

Construction and Description of Parls.^ 
Principles of Alternator Operation ^ 

IX. Ignition System (Conventional and Transistorized) ( 
A. Purpose ' 
Components 
1. Battery 
switch . 
Resistor 

Coil / 
Distributor * . 

Spark plugs 
Wiring 
Switch 

Timer " 
Distributor 

1.. Purpose V 

a. Closes and opens circuit between battery and 
coil 

b. Distributes high-voltage surge to spark plugs 
Location t- 

Construction ' « 

Housing 
Drive shaft 

(1) Breaker cam , 

(2) Advarice-nTechanism 
Breaker plate 

d. Contact points 
' e. Rotor 
f. Cap 

4. Operation 

5. NSpark advance mechanisms 



2. 
1 
4. 
5. 
6. 
7. 
8. 
9. 



2.- 
3. 



a. 
b. 



c. 



Purpose 



D. Sparkplugs 

1. Purpose 

2. Location 



Types and operation 

(1) Centrifugal 

(2) Vacuum 

(3) rCombination 

(4) FuU vacuum 
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d. 
e. 
f. 



Construction 

a. Shell 

b. Insulator } 
'c. Electrodes^ 

(1) Center ^ . 

(2) Ground : 
Terminal 
Sealing methods 
Threads 

4. Heat ranges 
a. Heat path 

' b. Hot 

c. Cold 

5. Spark gap ^ 

6. Oper^ffibn ^ - ^ ^ 
Ignkjpn CoilV 

1 . /PurpCT^e- A, 
Location 
CoriStTUCtion 
aL^ Case 
b? Coils (wire) 
(1^ Primary 
(2) Secondary 
Iron core 

Insulating materials ^ 
TermLials 

(1) Prirn^i^ , . 

(2) SecoiTdaTy 
4. Operation 

a. Creating magnetic field 

b. Collapsing magnetic field: primary 

c. Collapsing magnetic field: secondary 

d. Capacitor (condenser) effect ^ 

F. Ignition Sw^ch ' 

1. *Purpos^ 

2. Operation 

G. Wiring Diagram / 

1. Primary circuit 

2. Secondary circuit 

H. .Ignition Timing Marks 

1. Purpose 
"2. Location 



B. 
C. 



c. 
d. 
e. 



A. 
B. 

C. 



D. 
E. 



Electrical Circuits 
Horn ^ 



Lights (Internal) 
Running Lights 

1. Headlights 

2. Tayfights 

3. Stop lights • 

4. 6ack>up Xv^^ 
Directional signals 
Accessories 




"XI. Relays " 

A. Purpose 

B. Uses 

1. Lighting 

2. Horn 



/ 

Section 10. ^igine-Trouble Diagnosis 

I. Engine Failure 
A. Compression Loss 

Failure of Engine to Turn Over 
Ignition Troubles • * / 
(Jarburetion Troubles' 

ir. Comp^essigjx Loss 

A. Causes 

1 . Cylinder bor^ wear 

. 2. Improper valve timing 

3. Improper valve seating 

4. Cylinder-head gasket ^ / 

5. Cracks 

B. Trouble Checklist ^ 

-1. Crank engine; dfiagnose compression noises 

2. Make compression test 

3. Observe valve action « ^ 

4. C^teck valve adjustment . - 

III. Failure of Engine to Turn Over - 

A. Causes ' h 

1. Piston and ring fit ' 

2. Bearing clearances 

3. Valve action 

4. Lubrication system 

5. Cooling system 

6. Starting system 

B. Trouble Checklist 

. t. Check lubricating oil 
' ' 2. Check water 

t. Turn crankshaft by hand, If possible , 

4. Observe valve action 

5. Diagnose abnormal knocks and noises' 

ivr Carburetion Troubles 
"A^ Causes 

1. Carburetor circuits 

a. Float ; ■ 

b. Idle 

c. Part throttle 

d. High speed 

e. Accelerator puinp 

f. Choke -'{^ 
Fuel pump 

Fuel tank ' , 

Fuel lines 
5. Manifold and exhaust system 
B. Trouble Checklist « 
^ 1 . Theck fuel level in tank 

2. Check accelerator action 

3. ' Remove carburetor fuel line; crank engine 

4. Check fuel pump ^ 

5. Test fuel linea 

dy-Checlf^rair: cleaner^— ^ — .r: - - i - - — — 

V. Ignition Troubles 
A. Causes 

1 . Primary system 
a!** Battery 
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b. 
c. 
d. 
e. 
f. 

g- 
h. 



f 



Switch 

Primary winding 
Connections ^ . ^ ' 
Voltage -drop resistor 
. Cpil primary -winding 
Distributor points 
Capacitor (condenser)' ' - 
i. Ground return to battefy 
2. Secpndary system . 

a. Coil secondary-winding 
V b. Distributor rotor ■ 
^ c. Distributor cap 

(1) Broken \ ' 

(2) Moisture i* * 
dr High-ten$ion wiring 
e^ Spark plugs '^^ 

"f. Ground return' through part of primary systefn. 
Trouble Checklist (Use of Jm^per Wire and'^ol^ 
meter) ^n. : * - 

Remove coil wire from distributor ^ '}^, 

a. Crank engine ^ V 

b. Check spark . . ^ ' 
2. Check battery side of coil 

h , 

b. Inspect wiriSgSftd^ttery connections 
Check distributer side oT 
a* Ctteek points 

, b. Inspec^iring and coni^tions 

c. ^heck capacitor (condenser) ■ 
4. -Check ignition timing ; 

r Section 11: Clutches 

i. Purpose of Clutch ;. ^ 

A. Used with Standard Transmissions 

B. Couples or Ujicouples Engine^and Transmission 

1. Coupled position (normal running) 
• ' a. Power to transmission 

b. In gear: power to rear wheels. 
Uncoupled position - 
^ a. Allows gears to be shifted easily 

b. Allo>w^^g^n'e to run with transmission in gear 

C. Provid« Graou^t-but Positive Application of Engine 
Power to F^er tfain 

ll'Miolftlizw shock > 

2. Provides comfortable starts 

II, Principles of Operation 
A. Frictional Contact Made Between Two Smooth Metal- 
lic Driving Surfaces atid Facings 'Riveted to Driven 
Disk - 

leel and pressure plate: driving surfaces 
pdisk? driven plaje *n 

Frig|jon D|sk 



and iPressure 




Held 



[ Pressure Plate, and 
Pressure Springs ^ 
fiction Disk Splined to Clutch Shaft , 
Clutch Uncoupled }5y Release gf Spring Pressure on 
Pressure Plate by Operation of Clutch Pedal 



E. Flywheel and Pressure Plate Permitted to Turn 
Ifidependently of Friction Disk 

III. Types of Clutches * . 

A. All Similar in Construction and Operation 

1. Expanding clutches ' , 

2. Contracting clutches n ^ 

3. Cone clutch . ' 

' 4. , Dry-disk tlutches — ^ 
|a. Coil pressure-spring type i 
'■^i. Diaphragm-spring type 
; Crown pressure-springrtype . » 

5". j lulti^e dry-disk dutches ^ ■ ^ 

^. ijil-bath disk clutches * ■ ■ • > 

"V §; Multiple disk 

M Single disk . ^ 

B, . Mo^lCommonly Used Clutch: Single Dry-Disk 

ly. Friction Disk , « • * . 

A. Hub Assembly " . . „ 
:^ . J. Splined hih) 

' ' a. Splined to clutch shaft , i 

b. ^Allows movement lengthwise 
1^ J^orce^l^^i^ to turn w^ 
; d. ;Must fi^sniigly yet without drag or bind 
■^f^' Tpfeional, springs ^ * " ' , 

■'a. JEteed between drivei washers 
■ i. torsional viljxration from engu 

^ Co/Ab soirtis. some e hgagihg shoe k ^ 

ive>Washers^<f ^ . 

Molde(| frictioi*; washerr-v " ' ' \^ ^ ^ 

» a. Lc5cated between hub >flahge and drive wasfrer <• 
b. Prevents Qsc illation between hub flange and^ 
drivd washer ' I * ' 
6. Movement of hub flaiige limited, by stop pin 

B. Disk Assembly 

1. ^ Friction rings or clutch facings 

a. Made of frictional material ! 

(1) Asbestos main part of composition 

(2) Heat-resistant materials 

b. Provides proper amount of slipping when start- 
; ' >ng 

c. Provides positive rionslipping drive when 
e;i^aged ^. 

d. Usually riveted to cuShioningsprings 

2. Cushioning springs . 

a. Provide cushioning effect as clutch is engaged 

b. Produce smoother engagement 

c. Consist of waved cushion springs 

d. Waves compress when engage^ , 

V. i^ressure-Plate Assemjbly 

A. Pressure Plate arid Flywheel 

1. Both.driyingjsujfaces-..--™^^^^^^^ 

2. Surfaces smooth, parallel 

3. Friction disk between driving surfaces 

B. Clutch Cover \ 
1. Bolted to flywheel ^ } 

a. Becomes part of flywheel 
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b. Rotates with flywheel ' 

c. All parts of pressure-plate assembly attached to 
clutch cover ' j ^ 

2. Houses pressure spring arrangement 

3. Houses clutch release mechanism 

C. Pressure Springs 

1. Coil ' ' , . 

a. Contains three to nine sbrings 
' b. Spring loads frictiOriUdisk between pressure 

plate and flywheel when coupled 
c. Clutch released by compression of springs 

2. Diaphragm (tapering-fmger type) 

a. Provides sphng pre^su#e-te pressure plate 

b. Acts as release levers 

c. Reacts similarly to bottom of oil can when 
depressed 

(1) Tapered fmgers depressed 

(2) Diaphragm pivots on pivot ring 

(3) Outer edge raises 

(4) Works against retracting spring to pressure 
plate 

(5) Pressure plate pulled away from friction - 
*disk 

d. Cfutch engaged by built-in spring tension of 
diaphragm 

3. Crown 

a. Variation of diaphragm type 

b. Diaphragm formed of single corrugated plate of 
spring metal 

c. Action (same as in V.C.2.C.) 

D. Release Levers 

1. Purpose: to disengage clutch by relieving spring 
pressure to pressure plate ' * 
2t. Coil-spring type 

(1) Usually three levers 
' (2) Adjustable / 

(a) Adjust-Qient screws 

(b) Uniform pressure 

b. Diaphragm-spring type 

(1) Tapered Rngers 

(2) Nonadjustable 

c. Crown -spring type 

(1) Corrugated edge release 

(2) Nonadjustable 

2. Release levers depressed by throw-out bearing 

VI. Throw-Out Mechanism 

A. Clutch-Shaft Bearing Retainer and Sleeve 

1. Front transmission bearing retained ^ 

2. Clutch shaft covered by sleeve 

B. Throw-Out Collair 

1 . Slides on clutch shaft sleeve 

2. Holds throw-out bearing ^ _ , 

C. Clutch-Release Fork 

1. Pivots on flywheel housing: ball stud 

2. Moves throw-out bearing and collar forward 

D. Throw-Out Bearing 

1. Sealed ball bearing 

12 



2. Mounted on throw-out collar 

3. Mov^ forward against release levers 

4. Turns with the release levers 

5. Depresses release levers, disengaging clutch 

VII . Clutch Pedal and linkage 

A. Effects of Depressing Clutch Pedal 

1. Clutcli pedal arm depressed 

2. Rotation of clutch pedal shaft 

3. Adjusting link pushed or pulled 

4. Rotation of cross shaft (if included) 

5. Forward movement of throw-out fork 

a. Forward movement of throw-out bearing 

b. Release levers depressed 

c. Pressure plate pulled aw^ from friction disk 

B. Effects of Releasing Clutth Pedal 

1. Return of clutch pedal arm (assisted by return 
spring) 

2. Clutch fork pulled back by linkage 
Throw-out^b earing pulled away from release levers 

4 . ' Return of release levers ' 

5. Pressure plate, friction disk, and flywheel com- 
pressed by pressure springs 

' *C. Hydraulically Clutch Operated 

VIII. Clutch Shaft Suppqrt 

a; Crankshaft End of Clutch Shaft Supported in End of 
Crankshaft or Center of Flywheel by Bushing, Roller, 
or Ball Bearing /• 
< B. Shaft to Be in Perfect Alignment (Will not "Whip") 

IX. Semkentrifugal Clutch 

A. Clutch^imilar in Construction to Coil-Pressure -Spring 
Clutch 

B. Weights Placed on Outer Ends of Release Levers 

C. Added Pressure on Pressure Plate Exerted by Release 
Levers Becau^ of Increased Speed 

D. Centrifugal Action When Clutch Begins to Revolve 

X. Clutch Trouble Diagnosis 
; A. Slipping 

B. Chattering or Grabbing 

C. Spinriing or Dragging 

D. Noises (When Engaged, Disengaged) 

E. Pedal Pulsation 

F. Friction-Dnsk Facing Wear 

Section 12: Standard Transmissions and Overdrives 

I. Purpose of Transmission 
A. Provides Means of ' Varying Gear Ratios Between 
Engine and Rear Wheels 

I. Ratios between engine and^ear wheels (approxi- 



mately) 

a. Low gear". 12 to I 

, b. Second gear/ . ; * . . 8 to 1 

c. High gear . . . : 4 to 1 

d. Reyerse gear 12 to 1 

2. Ratios between clutch shaft and transmission main 

shaft 

a. Low gear 3 to I 



b. Secondgear . . . 2 to 1 

. c. High gear 1 to I 

d. Reverse gear 3 to 1 

B. Provides Reverse Gear for Backing Car 

II. Transmission Gears 

A. Relative Speed of Rotation (G^ar Ratio) 

1 . Speed determined by number of teeth 

a. Same number of teeth 

(1) Tum at same speed 

(2) Gear ratio: 1 to I 

b. Different number of teeth 

(1) Smaller gear turns faster 

(2) Large gear 24, smaller gear 12; gear fatio: 2 
to 1 

2. Number of teeth of driven gear divided by number 
of teeth of driving.<gear to determine ratio 

B. Direction of Rotation 

1 . Turn in opposite directions (when two gears ihesh) 

2. Idler gears 

a. Change direction of rotation 

b. Do not change gear ratio between driving gear 
and driven gear 

C. Types of Gears 

1. Spur gear 

2. Helical gear 

3. Bevel gear ^ 

4. Skew-bevel gear 

5. Worm gear 

6. Rack gear 

7. Pinion g^ar ^ 

8. Planetary gears 

a. Internal or ring 

b. Planetary 

c. Sun 

d. Spider or planet carrier 

III. Torque (Transmission) 

A. Change of Torque According to Gear Ratio 

B. Torque in Any Turning Shaft or Gear 

1 . Torque applied to crankshaft 

2. Torque supplied by crankshaft to gears in trans- 
mission so that gears turn 

3. Torque carried through power train to rear wheels, 
causing rear wheels to tum 

C. Torque on Gears Measured as Straight-Line Force at 
Distance from Center of Gears 

D. Torque Ratio Opposite to Gear Ratio 

E. Torque Increase Caused by Reduction of Gear Speed 

IV. Basic Standard Transmission 
A. Gears 

1 . ClutCTfer main drive gear 

2. Cluster gear or countershaft gears 

a. Countershaft drive gear 

b. Countershaft second gear 

c. Countershaft low gear 

d. Countershaft reverse gear 

3.. Main-shaft low and reverse sliding gear 



4. Main-shaft second and high sliding gear 

5. Reverse idler-gear 

B. Shafts ; ■ ^ 

1. Clutch or pilot shaft 

2. Countershaft 

3. Transmission main shaft 

4. Reverse idler gear shaft 

C. Thrust Washers 

1. Countershaft 

2. Main shaft 

3. Reverse idler shaft 

D. Bearings . . 

1 . Clutch gear bearing 

2. Main-shaft rear bearing 

3. Front pilot bearing 

4. Countershaft bearings 

5. Reverse idler bearing 

E. Bearing Retainers 

1. Clutch gear bearing retainer and throw-out bearing 
sleeve 

2. Main*shaft bearing retainer 

F. Transmission Case 

G. Shifting Mechanism 

1. Shifting forks 

2. Shifting levers (side mount) 

3. Cover 

V. Operation of Basic Standard Transmission 

A. Neutral 

B. Low Gear 

C. Second Gear 

D. High Gear . 

E. Reverse Gear / 



VI. Gearshift Lever (Transmiss^n) 
, A. H-Pattem 
B. Two Separate Motions 

1 . Selection of gear assembly 

2. Movement of gear assembly 



/ 



VII. 
A. 



B. 



Transmission Synchronizing Device (Synchromesh) 
Gears About to Mesh Made to Rotate at Same Speed 

1. Mesh without clashing of gears 

2. Easier shifting 

3. Less wear on, transmission parts 
Synchromesh Types 

1. Cone-clutch type (Ford) 

2. Pin type (i^od|g) 

VIII. Constant-Mesh Transmission 

A. Main-Shaft and Countershaft Second Gears Always in 
Mesh 

B. Constant MesIT Used in Conjunction with Synchro- 
mesh 

C. Principles of Operation 

IX. Selector and Shifter (Transmission) 

A. Ty pesr of Selector and Shifter Devices 

B. Steering-Column Gearshift Mech^^nism 

C. Floor-Shift Mechanism 
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b. 



c. 



X. Transaxle Units: Similar in construction and operation 
to other standard transmissions 

XI. Purpose of Overdrive 

A. Establish More Favorable Gear Ratio 

B. Reduce Engine Speed at High Car^Speed 

C. Provide More Economical Operation 

D. Lessen En^e and Accessory Wear Per Car Mile 

E. Drop Engine Speed About 30 Percent 

XII. Method of Operation .(Overdrive) 

A. Automatic . , 

1. Operation automatic at about 30 miles per hour 

2. Selective 

a. Direct drive 

Into overdrive: foot to be raised from acceler- 
ator 

Out of ovej^ve 

(1) Accelerator to be. depressed "wide open" 

(2) Throttle switch actuated 

B. Two Separate Controls — T 

1. Centrifugal device (governor) 

2. Electrical control (solenoid) 

XIII. Freewheeling Mechanism (Overdrive) 

A. Coupling Between Two Shafts in Line with Each 
Other (Overrunning Clutch) 

1 . Inner shell 

2. Outer shell 

3. Rollers between 

B. Solid Drive When Power Delivered to Input Shaft \ 

C. Output Shaft Overrun Because of Slowdown of Input 
Shaft 

1. Uncoupling of clutch 

2. Free turning of output shaft 

3. Input shaft on transmission c 

4. Output shaft on propeller shaft 

D. Mechanical Principles of Operation 

XIV. Planetary-Gear System (Overdrive) 

A. Components 

1. Outer ring gear (internal gears) 

2. Three planet piiyons 

3. Planet-pinion cage 

4. Planet-pinion shafts 

5. Sun gear 

6. Sun-gear shaft 

7. Ring-gear shaft 

B. Principles of Operation 

1. Speed increase (sun gear stationary) 

a. Planet-pinion cage turning ^ 

b. Sun gear stationary 

c. Planet-pinion shafts carried around with cage 
^d. Planet pinions 

(1) Rotate on shafts ^ , 

(2) "Walk around" stationary sun gear 

(3) Cause ring gear to rotate 

2. Speed increase (ring gear stationary) - ^ 

a. Ring gear stationary 

b. Planet-pinion cage turning 




c. Sun gear rotating faster than cage 

d. Driven member turning fastef than driving^^ 
member 

3. Speed reduction (ring gear turning) 

a. Ring gear turruhg 

b. Sun gear statiphafy 

c. Planet-pinion cage turning sl^er than ring gear 

d. Driven membejr turning slower than driving 
member 

4. Speed reduction (ring gear stationary) 

a. Ring gear stationary 

b. Sun gear turning ^ 

c. Planet pinions , , 

(1) Turn on shafts 

(2) "Walk around" ring gear 
'(3) Planet-pinion cage rotates 

d. Cage rotating slower than sun gear 

e. Driven member turning slower than driving 
member 

5. Reverse (planet-pinion cage stationary) 
■ a. Planet-i)kHon cage stationary 

b. Ring geai turning 

c. Planet pinion 

(1) Acts as reverse idlers 

(2) Causes sun gear to turn in reverse direction 
•i to ring gear 

d. Sun gear turning faster than ring gear 

6. Reverse (planet-pinion cage stationary) 

a. Planet-pinion cage stationary 

b. Sun gear turning ^ 

c. Ring gear turning opposite .to and slower than 
sun gear 

7. Direct drive » . 

•a. Any two members locked together: then entire 
' planetary -gear system locked, and input and 
output shafts turn at same speeds 
bf^No member held stationary and no two mem- 
bers locked together: system will not transmit 
po\yer at all 
C. Appli^ion to Overdrive 

1. Ri^gear attached to output shaft 

2. Planet-pinion cage splined to transmission main 
shaft 

3. Sun gear 

a. May be permitted to turn free 

b. May be locked in stationary position 

(1) Ring gear (output shaft) forced to turn 
faster than transmission main shaft 

(2) Transmission main shaft "overdriven" by 
output shaft 

XV. Nomenclature (Overdrive) 

A. Clutch Cam 

B. Transmissi6n Main Shaft 

C. Sun Gear 

D. Pinion-Cage Assembly 

E. Ring Gear 

F. Pinions 



EKLC 



125 



117 



G. Output Shaft 

H. Output-Shaft Bearing 

I. Clutch-Cam Rollers 

J. Control Shaft and Lever 

K. Shift Fork 

L. Solenoid Assembly 

M. Control Rod 

N. Sun-Gear Pawl 

0. Blocker Ring 

P. Sun-Gear Plate 

Q. <jOvemor 



XVI. Overcjrive Operation 

A. Going into Overdrive 

1 . Car speed approaching 1 8 to 20 miles per hour 
» 2. Sun-gear pawl retracted 

3 . Governor closing electrical contact 
• 4. Solenoid energized 

^ a. Spring loading solenoid pawl 
b. Pawl held away by blocker ring 

5. Accelerator pedal momentarily released by driver 

a. Engine spee^ dropping 

b. Freewheeling mechanism uptg into action 

c. Output - shaft . overrunning transmission main 
shaft' 

\(1) Sun gear slowing and reversing direction 
(2) Moving blocker ring 
(3) Pawl moving inward 

(a) Registers with notch on sun-gear con- 
trol plate 

(b) Locks control plate: stationary 

(c) Locks sun gear: stationary 

6. Driver accelerating and engine ^peed irrcreasing: 
car going into overdrive (See XIV.B.l .) 

B. Coming Out of Overdrive: Accelerator Pedal De- 
pressed . 

1 . Operates kick-down switch 

2. Produces two actions 

a. Opens solenoid circuit 

(1) Attempts to withdraw pawl 

(2) Considerable pressure against pawl / 

b. Grounds out ignition circuit 

(1) Prevents engine from delivering power 

(2) Relieves driving thrust on sun gear 

(3) Pawl pulled back^by solenoid 

(4) Ignition circuit reopened by solenoid 

C. Locking Out of Overdrive: Control Knob Pulled 

1 . Actuates control rod 

2. Moves shift fork 

a. Sun gear meshing with ring gear 

b. Sun gear and ring gear locking 

3. Locks sun-gear pawl 

D. Reversing 

1. Overdrive to be locked out (shaft mechanism 
reversed by transmission) . 

2, Overdrive control rod moved to lockout position, 
when reverse shift is made 



XVII. Overdrive Electrical Components^ 
A. Battery ^ 
Ignitioiti Switch i 
Relay ' ■ 

Kick-down Switch 
Governor Switch 
Ignition Coil and Distributor 
Solenoid 

1 . Ground-out contact 

2. Pull-in and hold-in winding 
Wiring 



B. 
,C. 
D. 
E. 
F. 
G. 



H. 



Section 13: Automatic Transmissions 

I. Main Sections of Automatic Transmission 

A. Clutch Coupling or Torque Converter 

B. Planetary Gear Box 

II. Fluid Coupling (Torus) 

A. Fluid Coupling Theory 

1 . Two fans facing each other 

2. Oil coupling driving and driven torus (straight 
vanes in both torus units) 

B. Engine Flywheel to Torus Cover Drive 

C. Torus Cover to Driving Torus 

D. Driven Torus and Input Shaft 

E. Acts as Clutch 

III. Torque Converter 

A. Torque Converter Theory 

1 . Two fans facing each other 

2. Stator redirecting oil at different angle to turbine 

3. Torque multiplied 

Engine Flywheel to Torque Converter Cover 
Purtip (impeller) to Stator to Turbine 
Turbine to Stator, Where Oil Is Returned to Pump 

1 . Turbine driving input shaft 

2. Spiral vanes on turbine 
Three Jobs of Stator 

1 . As stationary member for oil to push against 

2. Redirects oil to pump 

3. Overruns (like a bicycle coaster brake) when car 
reaches cruising speed 

Torque Conversion Ended at Cruising Speed, with 
Coupling Taking Place 

IV. pfanetary Gears 

(Review Section 12 of this outline.) 

V. Automatic Transmission Operation 

A. Oil Pump (to Supply Pressure) 

B. Pressure Regulator Maintaining Constant Pressure 

C. Shift Valve Directing Oil to Band^eryo or Clutch- 
Piston Action 

D. Manual Valve Turning Oil Pressure On or Off 

E. Governor 

1 . Operated by centrifugal force to make shifts occur 
automatically 

2. Attached to transmission output shaft and thus 
sensitive to car speed 



B. 
C. 
D. 



E. 



F. 
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VI. 
A 
B. 



Throttle Valve 

1. Operated by accelerator pedal position to time 
shifts 

2. Wt^rks in opposition to governoc pressure and thus 
sensitive to engine speed 

Automatic Transmission Maintenance 
Checking Oil Level 

Changing Oil , * j 

Section 14: Drive Lines 



I. Purpose of Drive-Line Assembly ^ 

A. Transfers Power from Transmission to Differential 
Cl. Change in a^iigle ^ 

2. Change in length 

B. Absorbs Rear-£nd Torque 

IL Components of Drive Line ^ 

A. Universal Joints 

B. Slip Joints 

r Propeller Shaft 
Torque Tube 
Universal Ball Joint 
F. Supporting Members 

III. Universal Joints 

A. Purpose 

B. Types* 

1. Cross and Yoke ». 

a. Yoke 

b. Spider 

c. Trunnions ' 

d. Needle bearings 

2. Ball and trunnion 

a. Propeller shaft 

b. Pin 

c. Body 

d. Ball . 

e. Needle bearings 

f. Centering button 

g. Grease cover 

3. Constant velocity ' 

a. Reasons for 

b. Construction 

(1) Body 

(2) BaUs 

C. Operation 

1. Cross and yoke 

2. Ball and Trunnion 
• 3. Constant velocity 

a. Bendix 

b. Double cross and yoke 



1. Construction 

a. PrQpeller^aft enplosed 
* b. Universal joints 

(1) Type used 

(2) , Number 
Universal ball joint 
Slipjoints 
Support members 

2. Rear-end torqiie absorption 

3. Push delivered to front section of chassis 
Hofihkiss Drive 



c. 
d. 
e. 



1. 



IV. Slip Joints 

A. Purpose 

B. Types 

1. Splines 

2. Built-in (ball and trunnion) 

V. Types of Drive 

A. .Torque-Tube Drive 



9k 



Construction 

a. Propeller shaft exposed 

b. Universal joints 

(1) Type used 

(2) Number 

c. Slip joints 

d. Support members 
Reat-end torque absorption 

Push delivered to rear section of. chassis 



.C. Curved Flexible Shaft 

1. Construction 

a. Three-inch bow 

b. Ball-bearing pillow blocks 

c. No slip joints 

d. No universal joints 

2. Rear-end torque absorption 

3. Push delivered to rear section of chassis 

Section 15: Rear Axles and Differentials 

I. Purpose of Differential 

A. Transmits Rotary Power Through Right Angle 

B. Allows Different Rear-Axle Speed 

1. Prevents skidding in turns 

2. Improves steering control 

II. Types of Differentials 

A. Conventional 

B. Nonslip (Limited Slip) 

C. Transaxle 

III. DifTerential Cqmponent^ (Major) 

A. Differential-Side Gears 

B. Differential-Pinion Gears 

C. Differential-Pinion Shaft 

D. Differential Case 

E. Ring Gear 

F. Drive Pinion ' ^ ■ 

G. Drive-Pinion Carrier and Caps 

H. Differential-Bearing Adjusters 

I. Differential Bearing (Cone and Rollers) 
J. Axles (Axle Drive Shafts) 



IV. Differential Power Flow ^ 

A. Drive Pinion Driven by Propeller Shaft 

B. Drive Pinion Meshed with Ring Gear 

C. Ring Gear Bolted to Differential Case, Causing Case 
to Turn (Rotate) 

D. Differential-Pinion Shaft Mounted in Case 
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E. Differential-Pinion Gears Mounted on Shaft 

F. Differential-Pinion Gears Meshed with Side Gears 

G. Differential-Side Gears Splined to Axles 

V. Differential Gear Action 

A. Straight Ahead ' 
, i. Differential-pinion gears not rotating ^ 
^2. Equal pressure exerted on side gears 

3.. Both/wheels turning at same speedy 

B. Turning ^ — 

1 . Two pinion gears rotating on shaft 

2. More tiirhlrig movement exerted to biitei: side gear 
with same amount of torque * " 

3. Outside wheel turning more rapidly 

VI. Nonslip Differential 

A. Similar in Constructrdn to Conventional Type 

B. Incorporates Two Sets of Clutch Plates (or Cones) 
Between ^ide Gears and Casf 

C. More Power Instead of Less Applied to Drive Wheel 
Ha1rd to Turn 

VII. Differential Gearing 

A. Manner of Gear Reduction 

B. Variance of Ratios According to Make> and Appli- 
cation 

> 1. Passenger cars (3.3^:1 to 5:1) 
2. Heavy- duty applications (9:1 by double reduc- 
tion) 

C. Calculation of Gear Ratio 

D. Types of Gears 

1 Spur (obsolete) 

2. Spiral bevel (nearly obsolete) 

a. More geac tooth contact 

b. Even wear ^ ' 
c Quieter operation 

Hypoid 

a. Similar to spiral bevel 

b. Drive pinion lowered 

c. Wiping action 

d. Needs special lubricant 

E. Nomenclature of Gears 

1. Toe 

2. Heel 

3. Flank 

4. Face 

5. Pitch line . 

F. .Gear Measurements 

1. Clearance 
2^Backlash 

VIII. Rear Axles 

A. Purpose 

B. Types 

1. Dead 

2. Live 

a. Semifloating 

b. Three-quarter fToating 

c. Full-floating 



IX. Differential Trouble Diagnosis ^ . 

A. Noises Mistaken for Gear-Axle Noises 

1 . Road noise 

2. Tire noise 
. 3. Front-wheel bearing noises 

4. Engine and transmission noises » 

B. Rear-Axle Bearing 

1. ' Wheel bearing 

2. Side gear and pinion 

3. Pinion bearing 

4. Ring and pinion noise 

a. Drive ' 

b. Coast 

c. Float 

d. Drive, coast, and float 

5. Nonslip differential chatter 

Section 16: Suspension Systems ^ 

I. Purpose 

A. Support Weight of Front End of Car 

B. Permit Steering of Car: Provide Safer Steering Control 

C. Absorb Shock Through Springs 

D. Provide Ride Control 

II. Types of Front Suspension^- — \ 

A. Rigid Axle ^ \ 

B. Independent Front Suspensioi/ 

III. Rigid Axle 

A. Applications . ' 

1 . Heavy-duty trucks and buses 
2.. Industrial vehicles 

Early model autos 
onstruction 
1\ Beam 

2. \ Steering knuckle 

3. \Kingpin 

4. Leaf spring 

C. Characteristics 

1. Both front wheels affected by any surface change 

2. Gyroscopic effect of tilted wheels 

IV. Independent Front Suspension 

A. Construction 

1 . Upper control arm 

2. Lower control arm 

3. Steering-knuckle support 

4. Steering knuckle 

5. Spring 

6. Stabilizer shaft or sway bar 

7. Shock absorber 

B. Operating Characteristics 

1 . Wheels completely independent of each other 

2. Better ride control 

3. Smoother ride 

C. Variations in Design of Independent Front Suspen- 
sion 

1 . Coil spring 

2. Transverse leaf spring 
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3. Torsion-bar spring 

4. Ball-joint front suspension 

a. Replaces steering knuckle and support 

b. Uses spherical joints 

c. Uses fewer movmg parts 

V. Springs 
A. Purpose 

[lerating Characteristics 

1. Rate 

2. Frequency 
Types • 

1. Leaf 

2. Coir • - 

3. Torsion bar 

4. Air suspension 
Leaf Spring 
1 



D. 



c. 
d. 
e. 
f. 

g- 
h. 
i. 



Common types 

a. Semielliptic 

b. Quarter elliptic '' 

2. Installation 
a. Transverse 

"^b. Longitudinal 

3. Construction 

a. One or more leaves 

b. Master leaf 
Spring seat 
C^ter bolt 
U-bolt 

Rebound clips 
Spring eye 

Spring hanger ■ ■ ' 

Spring shackle 
j. Bushings 

E. Coil Spring 

1. Operating characteristics , v 

a. Free of friction 

b. Requires efficient shock absorber 

2. Installation 

w . .. a. .Requires Jinkage. to.supportvehiclQ.thiyst. 
b. Used ptirriarily in front suspension 

F. Torsion-Bar Spring 

1. Operation ' 

a. Twisting action 

b. Free of friction 

c. Provision for adjustment 

d. Lightweight 

2. Construction 

a. Spring-steel round shaft * 

b. Linkage 

c. Adjustable anchor 

G. Air Suspension 

1. Operation 

2. Construction 

a. Air-bag or air-spring assembly 

b. Air compressor 
. c. Leveling valves 



VI. Shock Absorbers 

A. •Purpose 

1 . Dampen spring osculations 

2. Keep wheels on pavement 

3. Provide' better control 

4. Provide smooth ride 

B. Types .. 

1. Hydraulic 

a. Direct-agting 

b. Opposed -cylinder 

c. Parallel-cylinder 
• d . Rota ting-vane 

2. Friction . . 

C. Theory of Operation ^ 
1 . Hydraulic principles 

/ 2. Forcing liquid through orifice . . 

f D. Testing 

VII. Front-End Geometry 

A. Definition^ 

B. Purpose 

1. Provide steering ease > 

2. Provide steering stability ' ^ 

3. Provide maximum tire life 

4. Provide ride quality 

C. Classifications' 

1. Camber 

a. Positive 

b. Negative 

2. Kingpin inclination 

3. Caster 

a. PositivCr 

b. Negative 

4. Toe-in 

5. Include angles 

6. Toe-out on turns 

D. Methods of Adjustment 

Section 17: Steering^ly stems 

, L Purpose jD^Stp^ing Sy stem ... . . . 

A. Guide Car 

B. Provide Easy Steering 

II. Early Steering Systems 

A. Tiller 

B. Fifth-Wheel Steering • 

III. Ackerman Steering System 

A. Front Wheels Supported on Pivofs 

B. Front Wheels Linked to Steering Wheel by Gears and 
Levers 

IV. Classification of Steering Systems 
x^S^^anual 

Power 

1. Integral or hydraulic 

2. Linkage or mechanical 

V. Manual Steering Gears ' 

A. Recirculating Ball and Nut 
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B. Worm and Roller 

C. Cani and Lever 

VI. Steering Linkage 
A. Steering Wheel 
Steering Shaft 
Steering Gear 
Pitman Arm 

iDrag Link or Steering Connecting Rod 
Tie Rod(s) 
I^elay Rod \ 
Steering Arms 
Steering Knuckles 
L Knuckle support 
2. jKingpin 
Badljoints ^ 
Spindle 

.Wheel Bearings 



/ in. ^ypesQf Tires 



B. 
C. 
D. 
E. 
F. 
G. 
H. 
L 



J. 
K. 
L. 



VIL Power-Steering Operation 
A. Hydraulic 
. 1 . Power-steering pumps - 

a. Construction 

b. Operation 

c. Location 

2. Power-operating mechanism 

a. Valve operation 

b. Power cylinders 
Mechanical 
L Construction 
2. Operation 
3*. Location 



r V 



B. 



Section 18: Tires and Tubes 

L Purpose of Tires • • 

A. Provides Cushion 

1. Absorbs shock 

2. Tire flexes ^ 

Y - B; " ProvideS'FrictionalXontact . . • - * - 

1. Minimizes skidding on turns 

2. provides for quick stops 

IL Casing Construction 

A. Plies (Variable Number) 

B. Bead 

C. Sidewall 

1. BlacTc 

2. White 

3. Colored 
Curb Bead 
Sh(yjlder 
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Sbfid ^ 

B. Pneui?iatic 

1. Tube 

2. Tubeless ^ ( 
^ 3. Puncture-sealing 

C. Material 

1. Natural rubber # 

2. Synthetic rubber 

IV. Tire Sizes 

A. Rim Size 

B. Thickness at Sidewalls 

1. Inflated 

2. No load _ 

V. Inner Tubes 

A. Materials 
L Rubber 
2. Synthetic 

B. Air Valve 

1. Stem 

2. Core 

3. Cap 
. C, Special Tubes 

1. Puncture-sealing 

2. Safety tube 

VI. Tire Inflation 

A. Proper Inflation 

B. Low Pressure 

1. Hard steering 

2. Front-wheel shimmy 

3. Steering kickback 

4. Side of tread worn 
§. Excessive flexing 

a. Heat 

b. Ply separation 
6. Rim bruises 
Excessive Pressure 
1 . Center of tread worn 



C. I 



1: 



Hard ride 



D. 



Fabric ruptu^g 
Uneven Pressufe (Pulls to Side) 



VII. Tire Rotation 

A. Purpose 

B. Procedure 



D. 
E. 
F. 



Tread 

1. Design 

2. Purpose 

a. > Prcivide traction 

b. Reduce surface area 
. Cool tire 



VIII. Causes of Tire Wear 
A. Excessive Speed 
Improper Inflation 

Improper Front-Wheel Alignment ^ 

1 . Excessive camber 

2. Excessive toe-in or toe-out 
Improperly Adjusted Brakes 
Unbalanced Whe'els 

Incorrect Steering-Linkage Adjustment 



b: 
c. 



"D. 
E. 
F. 



IX. Recapping and Regrooving Tires 
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Section 19: Wheel Balance 

I. Purpose of Whe^f Balance — 

A. Provide Ease Steering 

B. Provide/Comfortable RidjB 

C. Provide Maximum Tire Mileaee 

II. Problems of Balai\cing Wheel^ 
- A. Centrifugal Force 

B. Making Wheel Rim True (Mi 

C. Flexing of Tire on Wheel 

D. Wheel Tramp (Boq^ce and ' 

III. Types of Wheel litftalance (Out of Balance) 

A. Static '\ , . 

1 . Lies in plane of wheel rotation 

2. Causes front and rear wheels to bounce 

B. Dynamic . , 
L.Lies in zone on either or both sides of plane of 

rotation 

2. Causes front wheels to wobble as well as bounce 

IV. Types of Balance 

A. Static 

1. Balanced wheel assembly, when on spindle, 
renaains in fixed position regardless of how placed 
on the spindle ' %• 

2. Weight a'd^ed or subtracted for equal distribution 
of wheel weight around its axis of rotation 

B. Dynamic 

i . Wheel rotation true, without wobble or shake 
^ 2. Distribution of corrective weights on both sides of 
wheel 

y. Tire Balance Marks 

A. Symbols Used for Marking Tires 

B. ' Markings tCtine Up with Valve Stem Hole in Rim ♦ 
. C. Less Accurately Balanced t Assembly Marked by Red 

. Dot , 

VI. Types of Wheel Run-Out 

A. Lateral 

1. Wheel alternately moves'^ and o\jt frorn center of 

, ^ . « * . -vehicle while-rQtatingr ori 4t« -spindle ^ - 

2. Causes dynamic imbalance (out of balance) 

3. Checked by pointet near side wall 

4. Riin-out not to exceed % inch 

5. Corrected by remounting tire on wheel or straight- 
ening wheel 

B. Eccentric or Radial 

1. Amount of spindle deviation from its center 
during -wheigl rotation 

2. Causes static and dynamic imbalance (out of 
balance) 

3. Checked by pointer near tire tread 

4. Corrected by shaving tread 

Section 20: Automotive Brakes 

I. Friction 
A. Definition 
1. Dry 



D. 
E. 



2. Greasy 
3» Viscous 

Factors Affecting Friction |r 

1 . Pressure applied or load^^ 

2. Roughness of surface 

3. Type of materials 

Types . . \ 

1 . Static friction (at re§0 ' 

2. F^etic friction (in motion) 
Cause: Surface Irregularities 
Application 

1 . Brake shoe and brake drum friction 



' a. Slows wheel rotation V 
b. Stops wheel rotation 

2. Tires tp road surface friction i 

a. Sliding stop (kinetic) 

b. Rolling stop (static) 

3. Front brakes larger than rear 

II. Hydraulics 

A. Definition 

B. ' Physical Principles of Liquids 

1 . Not compressible 

2. Transmit motion ^ -^jj 

a. Act as solids under pressure 

b. Action and reaction ' 
• *r3. Transmit pressure 

a. Pressure equal throughout system 

b. Pressure equal in all directions 

c. Output force equals pressure times area 

,d. System pressure equal to input force divided by 
piston area* ( 

III. Hydraulic Brake Fluid - . . 

A. Chemically Inert (Must Not Affect Metal and Rubber 
Parts) 

B. Must Not Vaporize at High Temperature 

C. Must Remain Fluid at Low Temperature 

D. Must Act as Lubricant i^^: ' 

E. Must Mix Readify With Other Hydraulic Fluids 



IV. Types of Brakes 



A. 
B. 



Mechanical 

Hydraulic (Four-wheel) 

1. Shoe 

2. Disk 

3. Caliper or spot 
Electric 

Air 

Vacuum 



V. Components of Brake System 
A. Master-Cylinder Assembly 

1 . Brake pedal ) 

2. Brake -pedal linkage/ 

3. Master cylinder 
a. Body 

(1) Reservoir 

(2) Cylinder 
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B. 



b. Piston 

(1) Primary cup 

(2) Secondary cup 

c. Piston return spring 

d. Head nut 

e. Check -valve assembly 

f . Push rod 

g. Ei\d boot 
^er Cylinder 

lechanism 



4. Dual 
Wheel Bra 
1. 




C. 



Wheel cyfinder 
a. Cylinder body 
Pistons 

(1) Piston cup^ 

(2) Piston spring 
Boots 

Activating spring 
Bleeder valve 
2". Brake-shoe assembly 

a. B9cking plate 

b. Brake shoes 

(1) Friction material 

(2) Primary shoe 

(3) Secondary shoe 

c. Anchor pin 

d. Hold-down spring 

e. Brake-shoe return spring 

f. Adjusting mechanism 
Hydraulic Brake Lines 
1 . Sp^ial type 
2- Steel pipe 

3. Fittj/igs / ■ 

4. Flexible hose 

a. /Front. wheel connection 

b. vKfiar axle coniiectibn 

VI .. Hydraulic Brake bperatidn. 
A. Application ^ 
1 . Brake pedal depressed 
. - * « * ^astej»cyJiiidei.pistQa mpyijig. ; 

a. Compensating port covered 

b. Hydraulic fluid trapped in system 

(1) Fluid moving in system 

(2) Fluid under pressure 

3. Wheel cylinder pist9ns moved outward 

* a. Activating pin moved outward 

b. Brake shoes forced against drums 

jc. Frictional contact , • 

, . (1) Heat 

' (2) Dragging, effect 

^* d. Slows wheel rotation 



B. Release 

1 . Release brake pedal 

2. Master-cylinder piston returns 

3. Brake-shoe return spring activated 

4. Brake shoes pulled from Jrums 

^5. Wheel cylindej pistons forced inward 
6. Liquid returning to master cylinder 

a. Pressure dropping 

b. Check valve closing 

(1) Maintains some pressure in system 

(2) , Keeps fluid in * 

(3) Keeps air out 

VII. Accessories 

A. Hand Brake 

h Drive shaft 
2. Rear wheel 

B. Powey Brakes 

.1. Purpose " r ^ 

2. Basic principles of operation 

C. Self-Adjusting Mechanism 

1. Purpose 

2. Method of operatiqn ' 

D. HUl Holder V o 

1 . Purpose 

2. Method of operation 

E. Stoplight Switch 

1. Mechanically operated 

2. Hydraulically operated . . 



Section 21 : Purchasing Automotive Parts 

I. Make of Automobile 

A. Model . ' ^ 

B. Year ■ 

II. Engine Type 

A. Number of Cylinders 

B. Cylinder Arrangement 

" -C- -Valve- Ajrrangement — , , , . , . . . . . , . 

D. Cubic-Inch Piston Displacement 

E. Horsepower Rating . 



1 



III., Exact Part to Be Purchased 

A. Location v. ; 

B. Casting Number (if available) 

C. Part NuiTiber (if available) , 
' D. Design 

1. Type 

2. Size N 

3. Description 
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* APPENDIX C 

BATTERY TERMINOLOGY 

Amperage The rate of flow of electric current (movement of electrons)'in"a^^ circuit measured in amperes 

^Battery A unit (two or more cells coariected together) that consumes chemical energy to produce electric energy 

when needed " 

ElectrolyJ^ A solution of salts, bases, or acids in water in which the negative and positive plates are immersed 

Grid A framework-made of an alloy of lead and antimony that holds an active material 

Hydrometer An instrument used to measure the specific gravity of a liquid 

Lead-acid eel! A secondary cell that can be recharged 

Negative plate A grid filled with sponge lead (Pb) 

'•^ ' • - V ' " ■ " . 

Overcharging Passing a direct current through a battery that has already been charged to maximum 

Positive plate A grid filled with lead peroxide (PbO 2 ) • 

Primary cell A cell that cannot be recharged . 

Secondary cell A cell that can beiriBcharged 

Separator An insulating material oiade of wood, glass, [Or rubber that separates ihe positive and negative plates 

' Specific gravity The weight of any volume of a liquid divided by the weight of an equ^l volume of water or the ratio of the 
density of a substance to the density of a standard . 

Sulfation A process in which lead sulfate 'coats the plates of a lead-acid battery that has been allowed to remain 

partially charged ^ " ' . 

Sulphuric acici The electrolyte of a lead-acid battery • ^ 

and water , , . 

Voltage Electric pressure; electromotive force (emO that causes current flow (movement of electror>s) when the 

external circuit is closed . '. . a ' 
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APPENDIX D 

ASSIGNMENT SHEETS 

• Unit 17: Four-Cycle Engines 

Explain briefly what takes place during the following strokes: 

Intake: J \ 



Compression :_ 



Power: 



Exhaust :_ 





Exhaust 
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Unit 22: Storage Battery 

1. Whirls the purpose of a storage battery? ^ 




T 



2, AVhat is the major difference between a stofage batterj^'and a cell?. 



3. What is meant by the capacity pf a battery? 



4. What dete.rmines the capacity of a battery? > 

5. What are the chemical^ used in a conventional aulbmobile battery? 



6. What is a plate grid?. 



'7. What is the rfGmposition of a plate grid? 

8. What is meagt by the overcharge of a battery? . 



9. What is. a plate group? '< 

10. The two types of plates used'in a lead-acid cdl.^re: 
A 1_ B._ 



1 1. How are the plates held apart?_ 



12. What would happen if the plates touched?- 



13. Why are the separators made of wood, glass, or rubber?. 



\ 



14. What is the electrolyte of a storage battery?- 



15. Describe first aid procedures when an electrolyte is spilled on a person: 



16. Explain what happens when the electrolyte is added to a dry -charged storage battery: 



^ v~ ^ 

17. What is the maximurn voltage of a storage battery cell? ■ - : 

18. What will»occur when the two terminals of a battery are connected through an external circuit? . 

19. From which directioth does internal .current flow in a battery? > 



20. Describe what occurs when a continuous supply' of current has been used from a battery:. 
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21. Describe the chemical activity involved in recharging a battery: 



22. How many 5cells are there in a 6-voIt battery?_: L. 

How are the cells connected? 



In a 12-voIt battery?^ 



23. What two things determine the battery rating? 

A , B. 



24. Of what material is the automobile battery case made? . 



25* What type of water should be added to a battery if the electrolyte becomes low?_ 



26. How is the specific gravity of the electrolyte in a battery determined?. 



27. What is meant by a dry -charge battery?. 
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Unit 23rMagneto and Generator 
1 ; What is a permanent magnet? 



2. How is a magnet identified?. 



3. What makes up the external magnetic field between the two poles of ^ magnet?. 



4. In what direction do magnetic lines of force move?- 

5. What are two characteristics of lines of force? 



2. 



B 

6. What will happen when unlike poles of a magnet are brought together?. 



7. What is magnetic repulsion? - 



8, What is formed around a wire when current is flowing through it?_ 



9. How can the magnetic lines of force around a wire be demonstrated?- 



10. State the left-hand rule:. 



11. What is an electromagnet? ! ' 

12. Explain briefly what happens to the magnetic lines of jTorce around two parallel wires that have electric current flowing 



through them:. 



T 



13. What is the purpose of a magneto?_ 



14. How is a magneto driven? - 



15. What is the purpose of a generator?. 



16. How is a generator driven?. 
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1 7. Describe a simple magneto: . 



'18. What is the meaning of a "load" in a generator circuit? ^ 



19. Explain the major difference between a simple direct-current generator and an alternator: 



20. How is current generated in the windings of an armature? 



21. What is the source of the current that flows through the field windings?- 



22. What effect does the current flow h^^ve on the field of an electromagnet? . 



23. What kind of current is produced in the armature of a direct-current generator? 



24. How is the generator made to produce more current when its load is increased?. 



25. The three basic parts of a generator are: 



26. Wliat are slip rings? 

27. What is a commutator?^ 



28. What is the function of brushes in a generator? . 

29. Where are the generator brushes located? 



30. Why must the output of the generator be controlled? - 



31. What two devices must be used in controlling the output of the generator? 
A - B 
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Unit 23: Rectification and Regulation 

4 

1. What is rectification ofjcurrent? J- 

2. Describe a silicon diode rectifier: , 



3. What is half-wave rectification? 



4. What is full-wave rectification? 



5. Describe pulsating current: 

6. What is another name for a cutout relay? 

7. What device made it possible to adapt alternators for use in automobiles? 



8. Where is the cutout relay located in the electrical system? 

9. What are two functions of the cutout relay? 

A 

B 

10. Describe a cutout relay: 



'11. When the direct-current generator is in operation, what allows current to flow to the storage battery? 1 

12. When Che alternator is not operating, what prevents current from flowing from the battery through the generator? 

13. '^at causes the contact points of the regulators to close? '. 

14. What causes the contact points of the regulators to open? L__ 



15. Give two results that \yill cause damage if the generator output is not regulated: 

A ^_ '-^ . \ 

B 

16. What is the purpose of the voltage regulator? \ 
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17, Does the generator always charge the battery at the same rate? r 

, Explain: 

18, To which generator circuit is the voltage regulator connected? ■ 

19/As the battery approaches a charged condition, what happens to the voltage applied to the field coils? 

20. What is the effect on the magnetic field around the armature as the voltage applied to the field coil changes? 

21. What happens when a predetermined voltage is reached at the output terminals of a generator circuit?^ 

22. Describe what happens in the voltage regulator when the output voltage of the generator drops below a predetermined 
voltage: '. ^- : 

23. Why is a voltage regulator referred to as a vibrating voltage regulator? 

24. Are current regulators similar to voltage regulators? What is the basic difference? 

25. Why is a^current regulator described as a vibrating current regulator? 



26. Where are the diodes installed in an automobile alternator? 



27. Is a cutout relay needed in a transistorized regulator system? 
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Unit 24: Electricity/Electronics 
1. What is the nucleus of an atom?^ 



2. A proton in the nucleus of an atom has a charge, and the electron outside the nucleus has a 

charge. 

3. When free electrons collect in one place, a is formed. 

4. When these free electrons move from one^place to another, it is called 



5. What two devices in the automotive electric system provide emf? 
A.. B 



6. What terminals are found on an automobile battery or alternator? . 

/ ^— 



7. What substances allow electrons to move freely?. 

8. How is the negative (-) terminal determined? 



Positive (+) terminal? . 



9. Why is copper wire a good conductor?. 



10. Why is rubber a good insulator? . 



1 1. What normally covers a conductor?. 

1 2. Define voltage : 



13. If the voltage is increased, what will be the results on the electron movement? . 



4 



14. How is voltage measured? 

15. What is amperage? 

16. How is amperage measured?. 

17. What is meant by resistance? 



18. Why is there more resistance in a small wire than in a lar|e wire? 



19. Why is the resistance less in a short wire than in a long wire2^ 



20. How is resistance measured? 



21. State Ohm's law (in words): 
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22. What is the basic formula for Ohm's law? 

23. In the formula, what instruments are used to measure each of the following?. 

E= 1_ _,l= L- R=" 



24. Using Ohm's law, how much voltage is required to force 8 amperes of current through a resistance of 4 ohms?- 



25. Describe a series circuit: . 



26. Describe a parallel circuit:. 



27. What is the advantage of a parallel circuit when a number of units are involved?- 



28. How are switches wired into a circuit?. 



29. What happens to the voltage as it travels through a circuit?. 
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